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ABSTRACT |
A recognized correlate of student success in science |
classes is the use of teaching strategies that are learner-centered |
and goal-oriented. Research has shown that several practices in

particular are associated with increased student achievement and with
developing scientifically literate students. The focus of this paper

is on scientific literacy and some of the instructional strategies

that have produced gains in students' achievements. Findings are |
presented related to: (1) current practices (citing the descrepancy |
between research suggestions and actual practice); (2) effective |
instructional systems (explaining mastery learning and the |
personalized systems of instruction); (3) effective instructional

strategies (highlighting the benefits associated with the use of
preinstructional strategies, focusing, questioning, wait time,

manipulatives, altered materials, and testing):; (4) new directions

(enumerating conditions that promote scientific literacy); (5)

effective science teachers (offering suggestions for improved

teaching); and (6) scientific literacy (identifying the

characteristics of a scientifically literate person). Also included

are separate and expanded descriptions of the procedures and merits

of set induction and wait time. (ML)
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UESTION: A% there
methods and instructional
strategies that are
more effective than what teachers
currently use? What can teachers
do to increase their effectiveness in
the science classroom?

A science classroom differs from
other subject area classes in
physical appearance. The beakers,
test tubes, bunsen burners,
microscopes, and other laboratory
apparatus are visible evidence of
the nature of science. It is more
than physical appearance, though,
that distinguishes effective science
class:ooms from less effective
ones. Teachers in effective
science classrooms use strategies
that are leames-centered. In an
effective classroom you will see a
greater emphasis cn faboratory
exercises; on studented
seminars, discussions, and
demonstrations; and on
independent study projacts. You
will see less time devoted to
teacher-led lectures,
demonstrations, and reci:ations.

Effective science classrooms
prepare students for more than

continued study of science. In a scientific,
technological society, the general public needs to be
scientifically literate. A certain level of scientific literacy
Is critical for the functioning of the individual and for

the continuation of such a society

Developing scientifically literate students demands
more than explaining content or covering a specifie<i

Instructi

Jean Sealey

\
OVERVIEW

A known correlate of student
success in science classes is the
use of teaching strategies that are
learner-centered and goal-oriented.
Research has shown that several
practices in particular are
associated with increased student
achievement and with developing
scientifically literate students. This
Ppaper talks about scientific literacy
and some of the strategies that
have produced gains in students’
achievement. The use of effective
instructional strategies and the
ability to relate content to other
aspects of students’ lives
characterize the effuctive science
classroom. More information on
sc.ance education can be obtained
from the R & D Interpretation
Service Research Within Reach
publication, Science Education (2).
The numbe-s in parentheses
correspona to references at the
end of the a.ticle.

oha. Strategies

number of topics. Students must
be shown how the content of
science — textbook information —
relates to the broader aspects of
science and society. Students
must be shown how concepts,
tools, and practice of the scientific
method relate to content and to
their own lives. They must be
shown how scientific ideas and
advances affect society in general,
and themselves in particular.
Nuclear power, the arms race,
environmental responsibility, world
hunger — all are topics of
concern to individuals and to
society. All include the content of
science, and all must be related to
the broader aspects of science.

CURRENT PRACTICES

N THE ONE HAND WE

have research and
expert opinion that tell teachers
what they need to do to teach
science effectively. On the other
hand, we have observations of
actual teaching practices that teil
us what teachers are doing. In the
majority of cases, teachers in
science classrooms are not using

the most effective strategies, nor are they relating
content to broader aspects of science. It's not that
teachers don't read research journals or experts’
opinions. Many do. Many teachers even report that
they use the recommended strategies (1). But we can't
ignore the evidence. Time and again, in study after
study,teachers . 9 observed doing things that merely
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increase stucents’ scientific vocabulanes (1, 3)
Students may do well on norm-referenced tests, but
they don't know how to apply what tney have learned
They don't know how what they have learned relates
to their lives.

This bulletin was introduced with two questions. The
first one, “Are there merhods and instructional
strategies that ar2 more effective than what teachers
currently use?"' is easy to answer. Yes! Yes, you can
affect changes in students’ science achievement and
students’ attitudes toward science. The second
question, “What can teachers do to increase therr
effectiveness in the science classroom?” can also be
answered from the research. In this bulletin we brefly
describe some 'nstructional systems and strategies
that research has shown to be effective in science
classrooms. Here we emphasize your role in
developing scientifically literate citizens of tomorrow's
world

EFFECTIVE
INSTRUCTIONAL SYSTEMS

T HE INSTRUCTIONAL SYSTEM IS A

framework within which teachers teach. It
holds together the various ~ombinations of strategies
that teachers use. Some instructional systems have
been around for a Inng time. You are no doubt
already famiiar with team-teaching, programmed
learning, individualized instruction, contract learring,
and audio-tutorial systems. In fact, you may have
taught within one of these frameworks.

There are two newer instructional systems that
stand out from the others in their effectiveness.
Mastery learming and the personalized system of
instruction (PSI) have consistently been found to be
more effective when compared to other instructional
systems and the more conventional systems thev
replaced.

The personalized system of instruction was orignally
designed for college-level students. Learning matenais
are divided into small modules, each of which must be
mastered before going on to the next. The student
sets tne pace. Students grade the work and tutor each
other. Printed materials are the primary form of
communication, and a detailed study guide is
provided. Frequent testing with immediate feedback is
a key factor to the success of the system. This
feature, testing with feedback, is also a characteristic
ot mastery learning.

Mastery Iearning is essentially a technique for
teaching and for learning hierarchical, sequential
material. In science classrooms using a mastery
learing approach, the material is subaivided into
natural units or steps, covering from one day's lesson
to several weeks' lessons. S.udent performance Is

specified, and a mastery level, usually 80%. 1S
determined. The science units are taught using group
instruction, laboratories, and the other usual activities
that occur in science insiruction. Students get help
when and where they nzed 1t through frequent
diagnostic testing Students are given feedback
accompanied by “emediation, if required Remrediation
may be either t¢ :cher- or student-managed Additional
time 1s provided for students to learn matenal they
missed or did not iearn the first ime througt: the unit
The diagnostic-reme:diation cycle — testing, followed
by specific recommendations for improvement and
addtional time if needed — 1s the single most
important feature of the mastery learning approach

EFFECTIVE
INSTRUCTIONAL STRATEGIES

ITHIN THE LARGER FRAMEWORK OF THE
instructional system, the vanety of
instructional sirategies that teachers use can be
categorized several ways. If the teacher directly
controls instruction, we call the strategies teacher-
centered. Examples include lectures, demonstrations,
teacher-led discussions, and questioning. Student-
centered strategies, on the other hand, allow students
t play a more active or self-guided role. Common
examples are laboratory activities, use of learning
activity packets, and student-planned activities
Instructional strategies may also be classified as
direct (or deductive) or as indirect (inductive), each
encompassing both aspects of studen. and teacher-
centered instruction. With direct teacher-centered
strategies, science is communicated by the teacher to
the student. The teacher 1s In control. With indirect
teacher-centered strategies, the teacher facilitates,
guides, or acts as a catalyst. Science I1s
communicated through the materials to the student
Direct student-centered activities allow the student to
learn directly through hands-on experiences, such as
laboratory expenments. Indirect student-centered
activities give the opportunity to leam trom the
materials with a minimum of teacher involvement For
example, students seleci a topic and design and
carryout a project for independent study. Different
strategies may require shifting role relationships and
responsibilities for both teachers and students
Researchers have identified several specific
instructional strategies that are part of an effective science
classroom.

*Preinstructional strategies take several forms. Advance
organizers allow the teacher to anchor what i1s to be
learned to what I1s already known. Advance
organmizers may be diagrams or a question at the
beginning of the lesson. An understanding of
conservation of mass and energy can be called upon




TYPES OF INSTRUCTION

Classifi-
cation: Teacher-Centered Student-Centered
Direct Lecture Laboratory
Demonsiration Reading Toxt
Discussions Learning Activity
Packets
Questions Writing Reports
Indirect Preinstructional Games
Strategies/Focusing
Questions/Wait-ime  Manipulatives

Altered Matenals Independent Study

Diagnostic Testing Instruction Modules

to make fission, fusion, and breeder reactions more
meaningful. Similarly, food chains can be linked to
other  ycles that students have studied in, for
exampe, history classes. Advance organizers relate
the unfamiliar to the familizr. Set inductior: is another
form of preinstructional stratagies. The teacher
reviews a familiar concept. A similar, but usually
more complex or sophisticated, concept is introduced.
The teacher’s ovjective is to help students discover
the new concept for themselives by reviewing the
familiar one. (See the insert for examples of set
induction.)

*Focusing techniques are also highly effective
strategies. Before, during, and after instruction,
students are told the objectives or intent of
instruction. This helps to direct their attention to what
is to be learr4d (2). Genera' examples of focusing
include using advance organizers, providing students
with objectives, and reinforcing otjectives at various
points during instruction.

*Questioning techniques can be aitered to improve
learning in an effective science classroom. By varying
the levels of intellectua} activity required by questions
asked or the positions of questions asked dunng
instruction, teachers can help increase student
achievement. Teachers might ask more questions
requiring comprehension, application, or analysis
skills instead of relying solely on knowledge-level
questions. Or, teachers may ask questions during
films, or before, during, or after assigned reading.
Questioning is a deliberate attempt to involve
students in the instructional process and helps call
attention to significant facts or concepts.

*Wait-time is a component of questioning strategies
that has been shown to affect science learning
significantly. Wait-time is the time between when the

teacher asks a question and the student answers
and again after the studants gives a response. When
teachers increase wait-time by 3-seconds, the length
of student responses increases, the failure to respond
docreases, the incidence of speculative thinking
increases, student-to-student interactions inc: aase,
and more questions are asked by students (4).
Researchers have found that wait-time strategies
significantly increase cognitive outcomes, critical
thinking, creatively logical thinking, and affective
measures. (Our insert has more information on the
benefits of wait-time increases.)

*Manipulative activities require students t handie,
operate, work, or practice with physical objects as
part of the instructional process. Being involved with
concrete objects is much more effective in producing
gains in achievement than having students observe
someone eise performing an experiment, or merely
reading about it. Manipulatives are more concrete
than pictures; pictures are more concrete than
printed text material. A student’s lab experiment is
more concrete than a teacher's demonstration, and
the teacher demonstration is more concrete than a
lecture. Research has shown that greater
concreteness in supporting instructional materials
leads to greater cognitive achievement. Teachers who
use manipulatives, pictures, or hands-on experiences
in appropriate instructional situations will be more
effective in promoting cognitive achievement than
those who do not. In an effective science classroom,
students interact physically with in materials
whenever possible through handling, operating, or
practicing. Teachers provide greater realism or
concreteness with their choice of materials. Teachers
make greater efforts to include manipulatives and
pictures along with the text and other printed
materials.

*Altering materials and procedures to increase their
impact is characteristic of teachers in effective
science classrooms. For example, teachers may
rewrite matenals for clarity or reading level. They
may present directions in other than written forms.
They may provide alternative reading materials for
those students who have reading difficulty. Some
students will need more information than the textbook
contains. Teachers may provide more challenging
reading materials and project activities for these
students. Teachers may also modify sequencing,
testing, grouping, and how content is presented tc
accommodate all ability levels and to increase
achievement.

*Testing, 100, is related to improved achievement.
Specifically, the frequency of testing, the purpose of
testing, and the leve! of test items can all be
modified. Examples of effective testing are formative
testing, immediate or explanatory feedback,
diagnostic testing and remediation, optional testing,
and testing to mastery.




NEW DIRECTIONS

T HE RESEARCH ON SCIENCE EDUCATION
points to new directions tor teachers.
Specifically, teachers assume much of the
responsibility for promoting scientific literacy. To fulfill
that responsibility, you are urged to increase the
effectiveness of your teaching by striving toward the
following understandings and conditions:

1. Relate science to relevant settings by providing
experiences with science-related social problems
and issues.

2 Give students practice in problem-solving
strategies.

3. Be conscious of instilling career awareness in the
curriculum to show students their options in our
scientific and technological society.

4. Go beyond the textbook into the local community
to make science relevant to students.

5. Give students frequent opportunities to apply
science 1o their own lives and the Iife of the
community.

6. Teach students to resoive problems through
cooperative efforts on real problems.

7. Br.aden students’ view of science by placing an
emphasis on the multiple dimensions of science.

8. Evaluate students’ ability to obtain and use
information (5).

EFFECTIVE SCIENCE TEACHERS

E'VE TALKED A LOT ABOUT THE

effective science classroom. Throughout our
discussion, we have focused on ways to make science
more meaningful to students and to increase students’
science achievement by using research-tested
strategies. It is the teacher's responsibility to make the
science classroom an effective one.

Do you want students to leave your science
classroom with an increase in factual knowledge only?
Do you want them to leave with less interest in
science than when they entered your classroom?
Current practices in science classrooms are turning
out hundreds of such students each year.

We believe most teachers want more. Most teachers
want students’ excitement about science to grow, not
diminish. As a teacher, you enjoy watching students
develop confidence in using their new skills. You want
to share their pride as they discover new concepts.

You want students who can apply what you've taught
them to their own needs and to the needs of society.
You want students to leave your classroom on the
road to scientific literacy.

If you're satisfied with current practices in science
classrooms and with the students coming out of them,
YOUrS 1S an easy task. Rely exclusively on your
textbook, don't include lalxratory sessions or
demonstrations, and lecture without asking questions
or encouraging student participation. You won't need
to read about current research. You won't need this
bulletin. This bulletin is directed to those of you — the
majority of teachers — who want more and w.e willing
to work for it. You are the teachers who are aware of
the limitations of textbooks, are uncomfortable with
having to cover a certain number of topics in a short
period of time, and are asking for more resources and
information about science education. You recognize
the problem. You've probabiy even tried one or two
recommended strategies. Without a framework and a
better understanding of the goais of scientific literacy,
however, isolated strategies will have disappointing
results.

Not all of the problems facirg science teachers can
be resolved by the teachers alone. Finding time to se!
up and carry out experiments and demonstrations I1s a
problem that requires the cooperation of other
teachers and the school administrators. But it can be
done with some relatively simple schedule changes.

SCIENTIFIC LITERACY

Victor Showalter and his colleagues define the
scientifically literate person as one who

1. understands the nature of scientific knowledge;

2. applies appropriate science concepts, principles,
laws, and theories in interacting with his
universe;

3. uses the processes of science in solving
problems, making decisions, and furthering his
own understanding of the universe;

4. interacts with the various aspects of his universe
in a way that is consistent with the values that
underlie science;

5. understands and appreciates the joint enterprise
of science and technclogy and the
interrelationships of these with each other and
with other aspects of society;

6. has developed a richer, more satisfying, and
more exciting view of the universe as a result of
his science education and continues to extend
this education thoughout his life; and

7. has developed numerous manipulative skills
associated with science and technology (4).




One school solved the problem by scheduling two-hour
chemistry and English classes on alternating days (2).
On Monday and Wednesday, for example, students
have two hours of chemistry, and on Tuesday and
Thursday, they have two hours of English. On Friday,
they have one hour each. The extra time allows the
chemistry teacher to conduct laboratory sessions. The
English teacher also benefits. The double periods give
time for extended activities in both subjects.

Whether or not you can bring about schedule
changes, you can change your instructional strategies.
You can extend the content of the science textbook s0
that 1s relates to students and to society. You can use
more student-centered approaches to learning. You
can modify your presentation and the sequencing of
content to increase achievement. You can ask more
questions that require students to shiow they
comprehend, can apply, and can analyze what they
have learned. You can also give students more time
to respond to questions and then wait .onger before
acting on a student’s response.

SUMMARY

A N EFFECTIVE SCIENCE CLASSROOM
differs from other science classrooms in
teaching strategies more than in physical appearance.
Teachers in effective science classes use more
student-centered approaches to learning. They relate
science content to the tools and practices of science,

ana they relate content to the impact of science on
the individual and on society.

Research in science education challenges you, the
science teacher, with the encouraging news that what
you do makes a difference in student achievement.
You den't have to invest in expensive laboratory
equipment to incorporate the techniques we've
described here. All that may be required is a change
of emphasis from teacher-directed activities, such as
lectures, to student-centered activities, such as
laboratory experiments. We're not suggesting that
because the activities are student-centered you will
spend less time. In fact, most of the strategies
discussed above require more preparation time. We
believe, though, the rewards will be rich as you see
increased student interest and achievement.
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SCIENCE INSTRUCTIONAL STRATEGIES
Set Induction and Wait-Time

Set Induction

Set induction, as defined and elaborated by Robert
Schuck, is a teaching strategy that relates new
infrmation to familiar information (2). The object of
using set induction is to allow students the opportunity
to discover the new concepts for themselves.

To explain photosynthesis, for example, a teacher
first reviews the process of milk production. A cow
eats grass and drinks water. The cow’s body
produces milk. It is a familiar concept and one that
students already know. By reviewing the familiar, the
teacher has established a set, or a “predisposition to
think 1n similar terms” (3). The set allows students to
discover similarities in the way green plants make
food.

Let's look at some examples of set induction in
practice:

Orientation. The teacher begins the lesson by
showing the students a model railroad car. The
demonstration is intended to lead Into a discussion ot
the role of the hemoglobin molecule in respiration.

Transition. The teacher draws an analogy between
the red blood cell and the railroad car. The red blood
cell takes on and caries an important raw material
(oxygen) to the body cells, where it plays a key role in
the oxidation process.

Operation. The teacher explains that the function of
the heme molecule in hemoglobin. He tells students
that the iron atoms bond to the oxygen. These
bonded atoms are carried in the blood cells to the
living cells. When these molecules arrive at the cell
membrane, they are released. The oxygen is
transported to the cells, and carbor dioxide is then
transported to the cells in the lung tissue. From there,
the carbon dioxide is expelled from the body. The
heme molecules function like a railroad car: they take
raw material to the cells and take away waste
products.

Evaluation. The teacher looks for evidence of
student comprehension. He asks questions about the
chemical bonding, the oxidation prucass, etc. The
teacher may go on to related materia: — the role of
red blood counts, anemia and its- atfect upon the
human body, or the reasons for ingesting iron —
depending on the instructional objectives and on the
nature and level of students in the class.

Another example of set induction would be to relate
the role of cells as the basic unit of structure of living
things to the organization of a book. ‘You could begin
by explaining how books are (usually) self-contained

ur.ts of information. Books are arranged by chapters.
Such organization permits ideas to be conveyed mc-e
clearly. Within each chapter, there is even more
orgamization. Paragraphs are the units of organization
within the chapter, each paragraph contaimng a main
idea or concept. Paragraphs can be broken into
smaller units, the sentence. Certain words are critical
to the sentence. If these critical words are removed,
the sentence no longer conveys its original meaning.
Example: John wants a candy bar. If we remove the
word “wants,” we no longer have a complate thought.

Onoethesethasbeonestablished,youcandraw
the analogy between a human being and a book. A
human being is a unique combination of inherited and
acquired characteristics, just as a book is a complete
unit of essential information. Each human is
organized, with systems that provide nutrition,
exchange gasses, transport materials, and regulate
body processes. The book’s chapters present specific
information; the body's systems perform specific
functions. The systems each are made up of
specialized organs and tissues that function togather
as a unit like a paragraph functions to convey a major
concept. Similar to the words in a book, all living
matter is made up of individual cells. If certain parts
of the cell are removed, the cell no longer functions.
Example: If the nucleus is removed from most cells, the
the cell will not function property and will eventually die.

We have reason to believe that set induction is a
powerful instructional tooi. It anchors new information
on knowledge the student already has. It is supported
by research findings and learning theory. We suggest
you develop appropnate analogies relating new
concepts to familiar ones and try set induction in your
science classroom.

Walt-Time

Questions from students and trom teachers are
natural in a science classroom. Questions from
students indicate their interest and cunosity. Questions
from ‘sachers are designed to stimulate inerest, focus
attention, evaluate knowledge, and make students
think. Thers are some deliberate questioning
techniques that improve their effectiveness. But here
we want to talk about the time betwesen your question
and a student’s response and about the time between
the student’s answer and your reaction. So that you
will have a fuller appreciation of the amount of time
we're talking about, try this exercise. Close your eyes
and count off five seconds. Five seconds Is not very
long. Or is it?
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Mary Budd Rowe, a science educaior at the
University of Florida, studied teacher-student
interactions over a six-year period and reports some
interesting findings. Rowe found that the average time
teachers wait between asking a question and taking
further action to elicit a response is only one second
When a student responds, teachers wait, on the
average, less than a second before reacting to the
response Rowe calls these two time periods — the
period between asking the question and acting further,
and the period between the student’s response and
the teacher’s reaction — wait-time. By manipulating
wait-ime, specifically by etending it to 3-5 seconds,
she observed some amazing changes in both student
and teacher behaviors. In one study, Rowe reported
an increase of 300% in the length of students
explanations (1). Think about it. Students’ science-
related language production increased 300% when
teachers waited 3-5 seconds after asking a question.

Extended wait-time produced the following changes
in students:

Response length increased.

1

2. Spontaneous, appropriate responses increased
3 Fewer students failed to respond.

4 Students appeared {0 have more confidence
5

. Student-to-student compansons of data
increased.

6. Students exhibted mare speculative thinking;
they made more inferences.

7 Students asked more questions.
. Students proposed more investigations.

w

|

9 Lower achieving students contributed more
10. Students varied therr responses more (3)

Teachers’ behavior ¢hanoad, too.

1. Teachers showed more flexibility in accepting
student response.

2. Teachers asked fewer questions; they asked
an average of two to three questions per
minute instead of from seven to ten.

3. Teachers asked more probing questions and
fewer closed or informational questions

4. Teachers expected higher levels of
performance from lower achieving students (3).

Can you afford to give students an additronal 2-4
seconds to respond to questions? Can you afford to
wait a few seconds more when they have responded
initially? Can you afford not t0? Research shcws that
the benefits gained are well worth the investment
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