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CHAPTER 1

SCIENCE AS A FOCUS

During the 1960's and early 1970's our national

concern for science reached, perhaps, an all-time peak.

The advent of the "Space Age" made more people aware of

the potential for scientific triumphs never dreamed of

befcre. Science and scientists were accorded the

highest esteem. Even at the time of this writing, our

nation continues to place great faith both in our

scientific and technological fields and in those

persons involved in them. The mass media, especially

tel-- .rdon, have given the public a broad coverage of

all fields of science and technology. As a result,

these same media have contributed greatly to the

stimulation of public interest in and understanding of

science and eilgineering.

Yet, a comment frequently heard is that the

schools of this nation have nct focused adequate

attention on science and scientific studies--this in

spite of the fact that mor: and more scientific

literature and supplementary learning materials have

been made available to classroom teachers. The massive

efforts of the National Science Foundation have

1
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stimulated elementary school science curriculum

development to a state never before even contemplated.

In actuality, though, the "typical" elementary

school teacher tends to be apprehensive about the

teaching of science, despite the fact that science,

technology, and scientific values permeate American

culture. Perhaps that is the problem: Science is so

much a part of our daily lives that we tend not to

observe the evidence of its processes occurring within

and around us, and, as a consequence, we think of

science as a discipline exemplified by Albert

Einstein's famous equations--understandable by just a

handful of people in the world, and totally abstract to

the rest of us. Elementary school teachers tend to

ignore science because they have a high degree of

anxiety about the topic, and, perhaps, fear that as

teachers they do not know enough to teach it well.

But this need not be so. Science is similar to

any of the other disciplines that are represented in

the elementary school curriculum. Granted, the body of

scientific knowledge is voluminous, and science has its

own way of "knowing"--experimentation--along with a

rather special vocabulary. But science is a means of

L
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generating new knowledge and, as one consequence, of

making the world a better place in which to live.

The problems associated with teaching science at

the elementary level have not resulted from indecision

as to what to teach or even how to teach, but rather

from what seems to be a fear of teaching science. We

hope to dispel this fear. Our goal is to help you, as

an elementary school teacher, to understand what

science is and to become more confident in teaching it.

We will provide a series of classroom-tested practices

and techniques that will help each of you extend your

knowledge of teaching per se to the teaching of one of

the most fascinating fields known to humans--science.

Understanding Science Education

Why Teach Science in the Elementary Grades?

There are many lists of objectives and rationales

for teaching science to elementary school students.

High on the list is the fact that science is having an

impact on the lives of all people in the world greater

than that of any other cultural facet, perhaps even

including religion. You will note that scientific and

technological knowledge is the factor used to

distinguish among developing nations, industrialized

nations, and "post-industrial" nations such as the

3



United States. Thus, science affects people at their

shops, homes, offices, transportation terminals, and

even in their entertainment.

However, the materialistic well-being of a people

is just one measure of the impact of science on the

world's culture. Within our own nation we use science

as one of the means by which to inculcate some of the

following values.

1. Science is used to stimulate the critical and

creative thinking skills of young people.

2. By knowing scientific facts, principles, and

theories, our citizens better understand and appreciate

the whole of the planet earth and the universe.

3. The study of science aids in decision-making

by our government. Citizens with a better knowledge of

the universe are better able to make more intelligent

decisions--especially in the areas of the environment

and those socially related considerations that are also

a part of the world of science.

4. Scientific knowledge and its study lead to

future careers in the field. These careers may not yet

be invented. Recall that just a quarter of a century

ago, there was virtually no computer industry, and jobs

that required knowledge about electronic data



processing were few. With just one significant

discovery--the transistor--the careers of millions of

persons were created, and the economies of several

nations expanded.

Among the other major goals of modern elementary

science education, there is a general desire to

stimulate the curiosity of all youngsters so that they

can share in the excitement of scientific inquiry and

investigations. Activity-oriented science programs

al' )w students to conduct laboratory experiments that

aid in the development of effective reasoning. These

experiences also make young students familiar with the

very methods and concepts used by real scientists in

their daily work.

The Modern Rationales

The rationale of more contemporary science

educators is that science is more than simple facts.

Students must be given experiences that make them

scientifically literate, i.e., make them aware of how a

scientist works and of how the knowledge of science is

generated.

A most important concern of the contemporary

science movement is that students have direct

experience with natural phenomena, that they be allowed
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to conduct scientifically related investigations. The

use of activities means that the conceptual structure

of elementary science'is developed with appropriate

teacher-provided guidance and experiences--points to

which we will return many times.

Finally, students learn that science and all the

findings of science are to be construed as being

divergent and not absolute. All scientific findings

are quite tentative, and all facts subject to re-

interpretation. New experiments and new findings

continually change the meanings of previously known

facts or concepts. The latter may be the wpst

difficult phenomenon for teachers and students at all

levels to comprehend.

Scientific Processes

How does a student begin to comprehend the

tentativeness of science? This comprehension comes

from being immersed in activities that use processes

associated with science. The Commission on Science

Education of the American Association for the

Advancement of Science identified at least 13 processes

that are critical to the learning of scientific

reasoning. These processes are predicated on the

618



assumption that scientists use a distinct set of

intellectual processes.

Scientific literacy is developed by devising

experiences that reinforce these processes. Through

funding by the National Science Foundation, these

processes were, in fact, implemented in a curriculum

entitled "Science--A Process Approach" (SAPA). The

SAPA program is unique in many ways. It is the first

total curriculum ever to be constructed by using the

processes of the scientific community. The processes

are the content to be learned, while the scientific

concepts and educational experiences are simply the

means by which the processes are applied. The writers

and developers of SAPA identified generic scientific

processes that are basic to all empirical endeavors.

These processes are closely interrelated in the SAPA

curriculum materials to show the relationships and the

sequencing of the processes. Arranged somewhat in

ascending order of complexity, the processes of SAPA

follow.

I. Observina. Beginning with identifying objects

and object properties, this sequence proceeds to the

identifying of changes in various physical systems, the

7
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making of controlled observations, and the ordering of

a series of observations.

2. Classifying. Development begins with simple

classifications of various physical and biological

systems, and progresses through multi-stage

classifications, including their coding and tabulating.

3. Inferring. Initially, the idea is developed

that inferences differ from observations. As

development proceeds, inferences are constructed for

observations of physical and biological phenomena.

Situations are constructed to test inferences drawn

from hypotheses.

4. Using numbers. This process begins with

identifying sets and their members, and progresses

through ordering, counting, adding, multiplying,

dividing, finding averages, using decimals, and working

with powers of ten. Exercises in using numbers are

introduced to support exercises in other processes.

5. Measuring. Beginning with the identifying and

ordering of lengths, the development of this process

proceeds with the demonstration of rules for

measurement of length, area, volume, weight,

temperature, force, speed, and a number of derived

20



measures applicable to specific physical and biological

systems.

6. Using space -time relationships. This sequence

begins with the identifying of shapes, movement, and

direction. It continues with the learning of rules

applicable to straight and curved paths, directions at

an angle, changes in position, and determinations of

linear and angular speeds.

7. Communicating. Development of this process

begins with bar graph descriptions of simple phenomena

and proceeds through descriptions of a variety of

physical objects and systems, and changes in them, to

construction of graphs and diagrams for results

observed in experiments.

8. Predicting. To teach the process of

prediction, the developmental sequence progresses from

interpolation and extrapolation in graphically

presented data to the formulation of methods for

testing predictions. Predicting differs from guessing.

When guessing, one uses "hunches" or "intuition". When

predicting, one always uses data or previous knowledge

about selected phenomena.

9. Defining operationally. Beginning with the

distinction between definitions that are operational

9



and those that are not, this developmental sequence

proceeds to the point where the students construct

operational definitions to problems that are new to

them.

10. Formulating hypotheses. At the start of this

sequence, the student distinguishes hypotheses from

inferences, observations, and predictions. Development

is continued to the stage of constructing hypotheses

and demonstrating tests of hypotheses.

11. Interpreting data. This process is

introduced with descriptions of graphic data and

inferences based upon them. The student then

progresses sequentially through the following

activities: constructing equations to represent data,

relating data to statements by hypotheses, and making

generalizations supported by experimental findings.

12. Controlling variables. The developmental

sequence for this process begins with the

identification of manipulated and responding variables

(independent and dependent variables respectively) in a

description or demonstration of an experiment.

Development proceeds to the level at which the student,

being given a problem, inference, or hypothesis,

actually conducts an experiment, identifies the

2210



variables, and describes how the variables are

controlled.

13. Experimenting. This is the capstone of the

integrated processes. It is developed through a

continuation of the sequence of processes needed to

control variables. This process includes interpreting

accounts of scientific experiments, as well as stating

problems, constructing hypotheses, and conducting

experimental procedures.

It is assumed that there is progressive

intellectual development within each process category.

As this development proceeds, it becomes increasingly

interrelated to the corresponding development of other

processes. Inferring, for example, requires prior

development of observing, classifying, and measuring

skills. The interrelated nature of the development is

explicitly recognized in the kinds of activities

undertaken in grades 4 through 6, sometimes referred to

as integrated processes; these include controlling

variables, defining operationally, formulating

hypotheses, interpreting data, and, as an ultimate form

of such integration, experimenting. The integrated

processes all require a combination of two or more

specific processes.

11
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These processes may form a collective set of

teaching foci. By continually stressing these and

building science content through them students and

teachers alike begin to act like scientists.

We would also add one additional process--reading.

Yes, reading is critical to all scientists. These

people read about published studies in their journals.

Scientists relate their own findings to that published

by others in their field. So, reading is also a

process of science--perhaps a subprocess of

communicating.

How do teachers use these processes to teach

science? Quite frankly, they make a decision to

incorporate the processes into their instructional

strategies. Let us examine the teacher's role as an

effective instructional decision-maker.

The Teacher as Decision Maker

The art and science of effective teaching may be

defined from many points of view. There are those who

sincerely believe that "good teachers are born, not

made."

If this were the case, good teachers could simply

be identified without the xpense of schooling. But as

yet, no one has been able to identify those "natural"

24
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tendencies that produce good teachers. At the opposite

pole, there are those who claim that teaching is

nothing more than the simple application of the

correct reinforces so that appropriate learner

behaviors are elicited. The only problem with this

pcsition is that no one has discovered all of the

positive reinforcers to be used each day with millions

of children and hundreds of thousands of teachers.

These two positions can be viewed as two extremes

of a broad continuum. Teaching as an "art" relies

heavily on intuition as a basis for action, while

teaching as a "science" depends primarily on a

behaviorally oriented model. In the former approach,

teaching is conducted by a more subjective, spontaneous

method; in the latter, the process of education tends

to be perceived as a very simple stimulus-response

interaction--a reductionist position--with every skill

subdivided into component tasks or procedures. It is

very possible that there are natural traits in persons

that predispose them to being better teachers; however,

it is also essential that all teachers master a set of

tested teaching skills to be successful. Thus, it is

difficult to subscribe totally to either perspective,

13
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because both tend to be closed prescriptive systems.

Yet, both approaches do influence what happens in the

classroom.

Teaching as Interaction and Decision-Making

The act of teaching is always a dynamic

interaction of individuals (teachers and teachers,

teachers and learners, learners and learners--with

materials, institutions, society), in which decisions

constantly are being made by all concerned. We believe

that science teaching must be aeliberate and planned.

As teachers plan for instructional interaction, they

consistently and in most cases intuitively make

critical choices.

For example, a teacher may decide to give one

assignment to all students from a single science

textbook series or to give multiple assignments from a

variety of sources so that the students can select the

ones of their choice. A decision may also be made to

use multiple objectives, with accompanying learning

materials that have been tailored to fit the

instructional needs of various individuals or groups in

the class. The teacher may then choose among a wide

variety of options concerning how he or she will

behave. Will there be a demonstration followed by a

26
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recitation period, a film, a filmstrip, or an audio

tape?

A decision-moael of teaching also implies that the

teacher helps to create or alter the environment in

which science learning takes place. Every teacher

makes several hundreds of minor as well as major

decisions each day. Not all of these decisions are

made as a result Jf systematic and organized planning.

Sometimes the choices are made intuitively. The use of

intuition in teaching is quite prevalent. Many choices

must be made intuitively, since the rapid pace of

classroom learning demands instant decision-making. In

these instances, teachers depend on experience and

quick thinking to provide the most appropriate

instructional technique. It may be suggested also that

the Intuition of experienced teachers is likely to be

superior to that of the novice. Intuition is like an

opinion in that its usefulness is dependent on the

experiential background on which it is based.

Yet, in lany cases, teachers depend on intuition

to teach science when systematic and organized planning

would be more appropriate. For example, a teacher may

believe that a new science activity ought to be offered

in the school setting, so a particular course of action

2 '7
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is taken. Sometimes these "hunches" prove to be right

and the results are beneficial to the students. But

sometimes trey are not effective or are inappropriate

for the needs of the learners. At worst, they may

cause the students to fail at the tasks and this causes

them to dislike science.

Intuition as a sole glide to instructional

planning represents a very limited view of the teaching

process. Like the proposition that "good teachers are

born, not made," the use of intuition alone restricts

teachers from considering teaching as both science and

art. It negates the development of a systematic

planning pattern from which rational and consistent

decisions can be made. It implies that intuition is

the beginning and end of instructional effectiveness,

rather than one aspect of the teaching process.

Too often the teacher who relies exclusively on

intuition determines objectives and selects procedures

that are more reflective of instructor needs than

students needs. Thus, if a teacher feels like showing

a film, then a film it is! Few of us would tolerate

this mode of operation in arenas outside the realm of

education.

28
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Of course, we also propose that through meaningful

science experiences, a teacher may know instinctively

how to handle or reac to a specific situation. For

example, students are almost always "restive" prior to

vacation periods. Thus the teacher need not try co

introduce a new science concept on the Friday before a

one-week vacation. A teacher can shift from an

intuitive mode of operation to a more critical one

simply by being aware that he or she is constantly

making decisions that affect the intellectual,

attitudinal, and psychomotor skills of learners.

Implicit within the concept of decision-making is

the notion of responsibility. Teachers cannot "pass

the buck." If a teacher makes decisions, he or she

must be willing to take the responsibility for both

their implementation and their possible consequences.

For example, if teachers deliberately bias a discussion

to fit their opinions, religious dogmas, or political

tenets, then they are being agents of indoctrination.

Some teachers whom we have known refuse to acknowledge

that they are, in fact, being doctrinaire and claim

that "this is good for the students." Of course, they

would not consider it "good" if the students were to be

swayed toward the opposite doctrines.



We illustrate this potential problem area because,

in our opinion, many teachers do not recognize their

responsibility for making decisions. There is often a

tendency to blame the "administration" or the "school

board." To be sure, there are administrative

regulations and school-board policies that govern

selected instructional procedures and even content.

But most of the classroom instructional decisions are,

in fact, made by the teacher. Our plea is that the

teacher will take the responsibility for making those

decisions, and that most of them will be made on a

logical, systematic basis, and not on impulse.

One way to raise oneself to the level of cognitive

consciousness (awareness) is to begin thinking with the

"if-then" logic. If the teacher desires to encourage

the students to learn through inquiry techniques, then

he or she must provide the students with the initial

learning skills with which to inquire and must supply

the learning materials in a sequential, systematic

fashion so that the students may aprly the concepts

being learned to real situations.

The "if-then" logical paradigm provides the

teacher with a cognitive "map" similar to that used in

generating rules and principles. The teacher starts

18
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thinking about causes and effects of actions and

statements and about relationships between classroom

activities and students. The teacher learns to obtain

as much information as possible about both students and

subject matter prior to the lesson and then develops a

plan for success. This plan of instruction is based on

the concl.,sions developed about the interaction between

the science subject matter, the science processes, the

student, and the teacher.

Teaching with Only One Style

If there is one truism in teaching, it is that

there is no one way to teach science to anyone. With

alarming frequency, educational "authorities" or

"critics" announce that they have discovered the answer

to teaching science. The literature is full of

examples. Read about the advocates for behavioral

objectives, team teaching, individually guided

instruction, classroom learning centers, activity-

oriented science, ITIP (Madeline Hunter's system), and

field based study. Many of these approaches are based

on sound analysis and investigation of the teaching-

learning act. Typically, each approach is related to a

specific kind of teaching activity, a specific

philosophy of education, or a specific perspective of

19



the structure of the basic discipline for which the

program is developed.

Unfortunately, many advocates, in their eagerness

to "spread the word" about particular approaches or

methodologies, myopically attempt to convince other

educators that their method is, at long last, the only

right one. Such pronouncements, no matter how well

intentioned, tend to be naive. The chances are likely

that many teachers will not use the method; indeed,

teachers who have never heard about j will find

success simply by using more eclectic methods combined

with wisdom, logic, and a sound knowledge of

instructional techniques.

Our plea is for you to learn a wide variety of

teaching strategies and apply them all--when

appropriate--at just the right time!

Thus we caution you from the beginning; we will

never say that we have the, method for teaching science.

We will present a series of options that are all usable

and that will all yield humanely conceived educational

results. In other words, we are following our own

theory. If teaching science is a decision-making

activity, then there ought to be divergent means by

which to accomplish any instructional objective. That
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is what this report is about: knowing when to use a

technique and what one can expect from using it. The

context in which any method is used predicates its

success; this is the notion of relevance. Those

decisions that affect the kinds of learning that take

place in classrooms will also be discussed.

Content and Process as Decisions

As you plan the teaching of science, it must be

remembered that not only is the content of the lesson

important, but of equal importance may be the processes

that the students need to master the content. The

Cunard Steamship Lines once advertised that getting

there was half the fun! With teaching, the same

metaphor as that expressed by Cunard is applicable.

The students must know how to accomplish what you want.

Let us examine a few situations.

If a teacner wants to teach about "levers" (the

content) and the attendant applications of this

concept, then the students muot master various skills

and processes. They must be able to understand the

meaning of length, fulcrum, comprehend the concept of

whole numbers, conceptualize the notion of proportions,

and utilize a few other basic arithmetic operations.

We propose that the processes associated with content
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are at times indistinguishable from the content; that

is, both the thought processes and the resultant

knowledge, skills, or information are the content. In

this sense, there is "procedural content" and there is

"cognitive content."

When prospective teachers are asked "As you

anticipate teaching science, what concerns you most?"

many, if not most, elementary education majors identify

"knowledge of science" as their chief problem. It

must be noted that while there is a tendency for

prospective secondary school to be "subject-oriented,"

elementary school teachers tend to be "child-oriented."

their primary objective is to help the child grow and

mature both mentally and physically--not just to teach

science. The early school science experiences of

children are oriented toward helping them to adjust

from their home environment to the institutional

dimensions of school. However, the elementary school

teacher's approach, in which the child comes first and

the science content second, does create some conflict

within any school system.

In the junior high schools or middle schools,

there is a transition period in which the emphasis

shifts from a human-growth orientation to a subject
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orientation. But in nearly all high schools, teachers

tend to be very academically inclined. The subject

matter is first, last, and always the focus, although

not to the exclusion of all personal considerations.

Who decided on these emphases? One could argue

that "society" did. However, that argument it

irresponsible. We argue that the teachers determined

these priorities in response to the subtle pressures

placed on them by institutions of higher education and

perhaps even by society at large. It is commonly

agreed that the schocls of any society mirror that

society. The wishes and beliefs of a society are

subtly translated into the values, curricula, and

instructions of the schools.

It is hard for all of us in science education to

realize that processes must be taught with content, and

it is even more difficult to understand the motives of

any

teacher who ways, "Well, if they didn't have the

knowledge or techniques before they got into my class,

that's too bad . . ." If students do not have the so-

called prerequisite skills, then you as a teacher must

provide them! If you do not, then your students will

stiffer failure. If you provide the basics, then your

fl r-
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students will be successful in science; and they'll

enjoy science. The decision is yours.

Goals and Schools

Believe it or not, people really argue and in some

cases physically fight over the goals of the schools.

In 1974, school patrons in Kanawha County, West

Virginia, actually resorted to shooting at school buses

and at each other because of a controversy about the

goals of the schools, the English program, and the

books being used to accomplish these goals. The

opponents of the school claimed that inappropriate

values and ob. cene teaching materials were being forced

on their children and they were not going to allow it

to continue (Young, 1974). Thus, while we assert that

goals generally tend to be supported, it must be

recognized that people also disagree with them. Let us

address some societal considerations to illustrate the

complexity that surrounds schooling and decision-

making.

In elementary and secondary education, goals are

continually stated, clarified, changes, and converted

into school programs and ultimately into classes. But

what are goals? Goals are broadly conceived statements

that express, in general, what the schools should try
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to accomplish. However, goals, in our opinion, can be

visualized as being rather static. The major goals of

schools and education in the Western World have changed

very, very little in the last 2,500 years. If you

challenge this assertion, examine any set of Goals for

any period of time.

Obviously, state laws and local regulations all

have an impact on the goals of schools. State

legislatures, state boards of education, and local

boards of education all have the legal right to require

that the schools teach certain subjects, skills, or

ideals. Arizona, for example, requires a course on the

free enterprise system of economics. Virginia and

several other states require a state history course for

high school education. Nearly every state has a

legislated physical education curriculum. As national

goals become converted to laws and then to curricula- -

as reflected in books, tapes, films, teacher guides,

and the like--there is also a tendency on the part of

the state to establish the content and to imply the

processes that will help to teach the content.

All this means--and we recognize that our

treatment is very superficial--that teachers must

ultimately make the decisions regarding how to teach
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and what to teach. Teachers begin to sift through the

goals, establish priorities, and select those goals

that they think are important. The most valuable goals

will then take precedence in the classroom.

But remember: it is not the goal that is taught.

The goal is simply the framework within which content,

skills, processes, attitudes, and the like are taught.

Goals are not subdivided like apple pies. Goals

are almost never attained. Rather, objectives are

stated as action elements stemming from goals.

Objectives then become the means by which we seek to

achieve our goals, a topic that will be expanded later.

However, we must provide one caveat. The people

of the United States have many nationalities, races,

classes, occupations, philosophies, religions,

attitudes, outlooks, and values. The diversity of our

nation has led to a pluralistic society. Such

pluralism also leads to a conflict of goals. Observe

that in the typical school system there are social,

moral, intellectual, political, and vocational goals.

Some teachers tend to stress the goal regarding the

improvement of our society. Others try to emphasize

the goal to develop critical thinking. Still others

attempt to develop individual students so that they may
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maximize their fullest potential. All of these

accepted goals have led to eclecticism as a means of

operating--i.e., we tend to mix parts of goals. One

cannot teach critical thinking and at the same time

stress that "teacher knows best." If a teacher is

unknowincrly eclectic, then that teacher is probably

inconsistent in teaching practices. If you are

cognitively aware of your eclecticism, you at least

should attempt to avoid placing your own students in

those situations that promote personal conflicts. In

our society there probably always will be confusion and

disagreement over some goals. As a teacher you may or

may not be able to resolve either the confusion of the

disagreement, which is all part of being pluralistic.

By now you probably feel that we have made cur

point: that the schools should encourage decision-

making and that the decisions made should be ultimately

consistent with the national goals. But as a teacher,

what decisions do you make? Let us examine this

question in detail.

Curriculum and Instructional Decision Areas

The key decisions that teachers make focus on

science content and how it is taught. Most persons

think of curriculum as "that which is taught in the
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schools." The difficulty in defining curriculum more

precisely is that its meaning will be entirely

dependent on one's philosophy, psychology, and teaching

methods, because all of these factors determine the

curriculum. There is no such thing as the science

curriculum, since there is no universal agreement as to

what is should include. In brief, the meaning of

curriculum depends entirely on time, place,

circumstance, and personal preference. On the other

hand, instruction is how teachers interact with the

curriculum and their students. While the latter is the

focus, we must still present an overview of curriculum

to establish a broader perspective of instructional

methods.

Approaches to Curriculum Design

There are several approaches to curriculum design.

We will briefly introduce five, which Elliot W. Eisner

and Elizabeth Vallance (1974) have described as

"conflicting" conceptions of curriculum. Then there

will be an expanded treatment of the views of

curriculum as (1) subject matter and (2) experiences.

Eisner and Vallance described five different

orientations to curriculum: (1) development of

cognitive processes; (2) technology; (3) social
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reconstructionism; (4) self-actualization; and (5)

academic rationalism.

The first orients schooling toward cognitive

skills development and training. The second centers

the curriculum around the processes of efficiency and

emphasizes those traits associated with productivity.

The third views education as having a basic societal

component and thus stresses social goals over

individual ones. The fourth, self-actualization, is

the opposite of social reconstructionism and stresses

that tie individual's role is paramount in the

educative processes. The fifth stresses the importance

of transmitting our primarily Western cultural heritage

to our youth.

There are many theories on curriculum that

approach the topic from social, psychological,

philosophical,and individual perspectives. We would

like to explore two approaches that are subsumed under

Eisner's and Valiance's five orientations, but yet are

autonomous ei&tities. The first approach views the

curriculum as subject matter; the second, as a set of

experiences. There are many curriculum theories, but

most approaches can be categorized under either subject
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matter or experiences. (This is an oversimplification,

but it may help at this point.)

Curriculum as Subject Matter

Those who view curriculum as subject matter

usually assume that the primary goal of education is to

transmit our cultural heritage to our students. This

position presupposes that the school's major function

is to transmit information to children that is

considered desirable for them to know. Past events are

usually accepted as having inherent value; the science,

literature, language, beliefs, values, art, music, and

methods of computation that have existed in the past

are thought to be sufficiently important to warrant

being passed on to all students. John Dewey (1916)

noted that no culture can survive unless selected

aspects of the culture are directly, consciously,

carefully, and thoroughly transmitted to the children

who are to inherit the culture.

The goal of the subject-centered approach is to

stress knowledge of science subject matter for its own

sake--that is, it is simply good for children to learn

scient-e. The subject possesses value per se. It may

or may not be a means to something else; if it is, it

is incidental. However, science content alone may or
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may not induce a child to appreciate or understand the

cultural heritage from which the science content

emerged.

For any culture to survive or to renew itself, it

is an anthropological fact that there must be a

conscious attempt to transmit the cultural heritage to

the new generation. Therefore, those who believe in a

subject-centered approach to curriculum are, in part at

least, quite correct in the stress they place on

subject matter.

Curriculum as Experience

The subject-oriented approach is countered by the

position that describes curriculum as a set of

"desirable experiences." The emphasis is not on

knowledge of any particular piece of information but on

a process or skill Lo be mastered. Subject matter is

to be used to develop facility in this process or set

of processes. For example, students must acquire the

ability to apply sci.entific concepts. To promote this

ability, biology, chemistry, physics, earth sciences

and other science courses are taught. The subject

matter is a tool or a means; it is not an end in

itself. For example, to be able to make political

decisions, students study social problems, geography
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and the impact of science on a group of people. By

studying these subjects and by having a set of

experiences, the individual is presumed to become a

more "effective" citizen. These experiences include

not only studying books but also such activities as

conducting and observing real experiments or working

with scientists and technicians.

Analysis of the Two Basic Approach to Curriculum

Both curriculum theories can be criticized. The

subject-matter curriculum may produce a "well-trained"

individual, one who knows "science." However, the

subject-centered curriculum does riot necessarily

produce a person wno is critically aware of how one

knows, does, and thinks. Such a subject-oriented

student may not even be aware of operating under an

authoritarian approach.

Those who deny the intrinsic importance of subject

matter are also open to criticism. What they have

done, in effect, is to separate the content of knowing

from the process of ,.vowing. They have somehow assumed

that while knowing is important, what is known is not.

The weakness of the experience approach may be

seen in some of the recent curricular modifications

brought about by the experience-centered advocates. If
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one teaches science only with concrete experiences,

then the child does not appreciate reading science. A

balance is needed: Experience and Content and Reading.

One curricular ideal that could have had a great

impact on our schools was that proposed by John Dewey.

Dewey advocated a curriculum based on problems. He

defined a problem as anything that gives rise to doubt

and uncertainty. Dewey did have a definite idea of the

type of problem that was suitable for inclusion in the

curriculum. He thought that the problems to be studied

should meet two criteria: (1) they should be

significant and important of the culture; and (2) they

should be important and relevant to the student.

Genuine comprehension and successful application of

Dewey's problem-solving theory also hinge on extensive

knowledge of process--how to define and solve problems.

Although cursorily treated here, the topic of inquiry

and problem-solving will be discussed in great depth.

It is apparent that recent reforms in the science

and mathematics curricula are based on the problem-

solving approach; especially the Science-Technology

Society programs now being espoused. These curricula

involve problems that must be solved by students,

utilizing the scientific method. These curricula
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stress "discovery" of relationships and "inquiry" into

the "structure" of the world of things and ideas.

These same terms were used by Dewey in the early 1900s.

Curriculum and Individual Differences

Although educators have known for some time that

there are differences among human beings, this

knowledge has been applied only recently in the

schools. For many years all students, studies

approximately the same subjects. American curriculum-

makers have attempted recently to devise curricula to

match different levels of ability. In particular,

through federally sponsored projects, there are

curricula for the average, for the bright and gifted,

and for children who are wither slow learners or

retarded. These curricula all require varying

instructional methods and additional teacher

preparation.

Another factor that affects the curriculum is an

awareness of the students' home environments. It has

been realized that urban children have a markedly

different outlook, set of experiences, and interests

than suburban or rural youth. Investigations and

projects have been carried out to devise different

teaching methods and more appropriate curricula for
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urban children. This curricular practice is of very

recent origin and is found usually in larger

metropolitan areas.

In addition to adapting education to the needs of

urban children, schools, in the last several years,

have been challenged to produce a curriculum that is

truly representative of their multicultural student

populations. Compounding this task is the reality that

most curricula have been designed by the middle class

f2r the middle class. The texts, their illustrations,

the contents, the teaching methods, and the grading

practices are designed to further middle-class values

and beliefs. And yet, educators tend to forget that

science is one of the major disciplines that bridges

the cultural gap. Teaching science to all children

regardless of race, color or creed provides them with a

truly universal "tool."

Analysis and Implications

Why is the American curriculum this way? The

answer is complex. Because of our pluralism it is

unlikely that one viewpoint, one curricular emphasis,

one instructional method, or one set of values will

long predominate. The results of different groups

concurrently working toward different goals are seen in
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American schools. Thus the current accountability

emphasis in schools is in response both to the higher

cost of education and to declining standardized scores.

The past emphasis on math and science is essentially a

product of the Cold War and more recently a product of

our "Trade Deficits."

The science curriculum will be modified--almost

without limit--to accommodate the times, the location,

the tensions, the economic events, and the wishes of

any particular population. Americans have believed for

a long time that the curriculum should be responsive to

the wished of the American people. But how does a

school determine that ought to be taught? If it is

true that the squeakiest wheel gets the grease, and if

dozens of wheels are squeaking, groaning, and

shrieking, how are schools personnel to decide which

wheels most deserve attention?

Today's curricula are the result of philosophical

conflicts, not only among professional curriculum-

makers and laypersons but also within a single person's

views. As a people, America has not yet determined

what should be science education for all and what

should be science education for those who are able,

talented, and intelligent--or for those who are not.
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We tend to be ambivalent in our stressing of academic

excellence for the bright and in our emphasizing of

formal education for all young people, regardless of

their intellectual capacities.

A pluralistic society predictably yields the kind

of curriculum that has been described--a patchwork.

Such a curriculum will produce conflicts and confusion

in educational psychology, methods, philosophy,

administration, and finance. Simple solutions and

absolutistic thinking will not work. What is required

first of all is an understanding of the nature of our

society and the manner in which curriculum is created.

Once teachers have this understanding, they will be in

a position to modify and improve the science

curriculum.

What can be done about the problem? Teachers, if

they are to attain greater professional stature--that

is, to become more independent and autonomous--must

seek a more decisive and vigorous role in influencing

science curricular decisions. It is largely a social-

professional conflict that causes teachers to succumb

to a vast and powerful array of pressures that distort

and weaken the many different science curricula. Yet

better-educated teachers who understood the basic
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techniques of science instruction would not need a

detailed guide to tell them how to teach science.

Science teachers would not have to yield to the

pressures of ultra-right-wing groups if they were sure

of what constitutes science. Biology teachers with a

greater knowledge of the biological sciences would not

be forced to yield either to nineteenth-century thought

or to legislators whose knowledge of experimental

science is negligible. In addition to being aware of

the nature of our culture, teachers need to know more

about the science that they are teaching, and they need

to organize themselves into the kind of associations

that can resist biased or reactionary community

pressures.

We have not resolved the problem but have

illustrated how professional concerns may become

subordinate to social concerns in a typical American

school. Bear in mind that, in the United States,

plenary control of the public schools is vested in the

fifty state legislatures. If education appears to ba

more of a political process than an educational one,

that may be the case.

The argument between advocates of method and

supporters of science subject matter is, of course,
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outdated and absurd, but yet it continues to rage. To

teach science, one must teach concepts. That is, one

cannot separate legitimately the content of knowledge

from the process of knowing. All teachers need to be

reasonably sophisticated and informed about science

subject matter that is appropriate to the age,

interest, and intelligence of the students they teach.

In addition, they need to be aware of the appropriate

methods, techniques, philosophies, psychologies, and

laarning theories of education by which to teach

science content and apply scientific processes most

efficaciously. This discussion may appear somewhat

complex; as a matter of fact, we have merely scratched

the surface of curriculum problems. Our intent here is

that of "awareness setting." Other courses will expand

these ideas, but we will illustrate how the teachers

selects the most appropriate science methods or

techAique.

Trends and Progress in Elementary Science Education

The reform movement which brought out the current

program and teaching practices in science education

began during World War II. During that time it was

recognized that there was a need for changing some of

the teaching practices in science, particularly with

P I
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the increase demand for persons with scientific

backgrounds and technological skills. In 1957,

Sputnik, more than any other single event, provided the

opportunity for educators to update and assess

instructional programs.

Prior to Sputnik, practices in science teaching

emphasized science as a deductive process where pupils

were given scientific facts, generalizations and asked

to verify them. This often was simply a matter of

retrieving information from a textbook, lecture, class

discussion, or personal experience and submitting this

as evidence. The omnipotence of the teacher who had at

his or her disposal irrefutable facts was taken in

highest regard.

After Sputnik, leading scientists, psychologists,

mathematicians, and other scholars joined with

educators to stress instructional and curricular

reforms. The post-Sputnik reform was unique in at

least three ways. First, it marked the initiation of

large numbers of scientists, educators, and learning

psychologists working jointly in the development of

science and mathematics curriculum materials for school

age students. Second, the curricular programs that

were developed were unique and different in that they
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began to emphasize the processes and big ideas in

science. Third, the primary level of support came from

federal grants and foundations rather than through

state or local monies. Donald C. Orli:.!-. (1980)

expressed developments of the previous 20 years as

"stimulating elementary science curriculum development

to a stage that may not be achieved again."

Two major tasks which the developers of the new

elementary curricula emphasized were: (1) building new

science programs that were consistent with the

abilities and needs of children, and (2) training

teachers to implement these programs.

Although there is no general consensus regarding

the goals and objectives of elementary science, there

seems to be general agreement regarding a few areas.

Paul Blackwood's survey (1965) of practices in

elementary science programs reveals that most science

programs embrace seven broad goals. These are to:

1. Help children develop their curiosity and ask

what, how, and why questions.

2. Help children to learn to think critically.

3. Teach knowledge about typical areas of science

study such as weather, electricity, plants, animal

life.
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4. Help children learn concepts and ideas for

interpreting their environment.

5. Develop appreciation for and attitudes about

the environment.

6. Help children develop problem-solving skills.

7. Develop responsibility for the proper use of

science knowledge for the betterment of man (p. 180).

Since 1957, (the year of Sputnik`, 53 major

science or mathematics curriculum projects have been

funded by the National Science Foundation on Science

and Technology, 1976). The three most widely

recognized elementary school programs are listed below:

1. Elementary Science Study (ESS)

2. Science--A Process Approach (SAPA)

3. Science Curriculum Improvement Study (SCIS)

An in-depth investigation would reveal that these

programs possess several common elements. First, they

deal with a broad spectrum of content, ranging from

sophisticated principles in physics to growing seeds.

Second, there is a minimal amount of planned reading.

Third, most programs use manipulative multi-media

materials that in effect replace the conventional

textbook. Fourth, these programs devote primary

attention to student involvement and secondary
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attention to memorizing cognitive information.

Finally, in-service training of teachers is considered

of paramount importance by the developers.

There is not widespread agreement among science

educators regarding the purposes, instructional

strategies, or content emphases of elementary science

curricula. In fact, the professional literature reveals

the emergence of at least three differing philosophical

positions which we state as guesti;:-..s.

1. What content should be included?

2. How much and what kind of teacher preparation

is necessary?

3. How should the material be presented?

General Findings

Studies conauctJd during the past decade appear to

indicate a high level of success of these newly

developed materials. The effectiveness of SCIS, SAPA.

and ESS programs on children, Ted Bredderman (1982)

indicated that children involved in these programs show

higher level thinking skills and better problem-solving

skills. In addition, some studies showed performance

in math and reading as well. The positive effects of

activity-centered science in improving reading skills
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were also reported by Ashly Morgan, Stanley Rachelson,

and Baird Lloyd (1977).

James A. Shymansky, et al. (1974) and Jane Boyer

and Marcia Linn (1978) state that students who have

experienced activity-centered science progra:as are

better independent problem-solvers and are more self-

assured. The value of SCIS in improving logical

thinking was also reported by Marcia Linn and Herbert

Thier (1975). Gerald Krockover and Marshall Malcolm

(1977) found that the SCIS program was effective in

improving self-concept. The carryover of these

improved attitudes into other subject areas is implied

by the work of M.D. Caplin (1969), who reports a

positive relationship between self-concept aid

achievement.

John Penick (1976) and Terry Davis et al. (1977)

reported that students experiencing SAPA scored higher

than textbook-taught students on creativity tests,

while performing at least as well on standard

achievement measures.

Harold Jaus (1977) conducted studies which

indicate that activity-bases science improves

children's attitudes towards school as well as toward

science.
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Unfortunately, even though the research appears to

be both substantial and conclusive, current trends

appear to indicate that our educational systems are

reducing the amount of time spent teaching science that

the type of science taught is becoming more traditional

and textbook-based. William Maben (1980) states that

50 percent of elementary teachers that he surveyed felt

there was not enough time in the school day to teach

science.

Michael Andrew (1980) conducted two surveys in New

Hampshire, one in 1970 and a follow-up in 1977-78.

Both surveys reflected that "science is not being

taught as a major part of the curriculum in many

elementary schools in New Hampshire." Andrew concluded

that his surveys revealed "alarming trends" in respect

to the science being taught in the elementary schools.

He implies that these trends may be nationwide and

should be a cause for concern. Both studies indicated

that lack of time was primary reason for not teaching

science. The 1978 study also indicated a primary

reason was inadequatsly prepared teachers.

In comparing Andrew's studies, there was a

significant decrease in time allotment given to science

between 1970and 1977-78. It appears that elementary
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school science is drifting toward one day per week

instruction. Whatever the reasons, it seems that

science is not treated as basic subject in the

elementary school curriculum and is presently losing

rather than gaining status.

Andrew reports further that science was given a

low priority rating by 13 percent of the elementary

teachers in 1977-78, up rom 5 percent in 1970. The

percentage of teachers who gave science a high pricrity

rating also was down, from 9 percent in 1970 to 5

percent in 197' 78. These trends are alarming in light

of the research evidence as it relates to hands-on

science and its impact on the elementary school child.

It appears that science at the elementary level is

becoming an occasional or supplemental part of the

educational program.

A list of findings of elementary science usage

during the past decade are indicated in the Table 1-1.
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Table 1-1

Use of Selected Progress Programs in K-6 Science

Program Type

Research Source ESS SAPA SCIS

Gullickson (1971)
(midwest)

11% 15% 8%

Gullickson (1974)
(midwest)

14.6% 8% 5.4%

Weiss (1977)
(national)

15% 9% 9%

Peter Gega (1980)
(national)

not 3% Life 3%

Heiligenthal K-3 11.8% K-3 16.5% K-3 14.2%
(1980) (Iowa) 4-6 20% 4-6 10.6% 4-6 10.6%

Anderson (1980) 13.2% 10.6% 8.6%

Al*iough Peter Gega (1980) in a national survey

reports that only a small percentage of schools are

using the NSF activity-based programs, two 1980 studies

conducted in Iowa (Heiligenthal, 1980; and Anderson,

1980), indicate that the usage of NSF curricula in Iowa

elementary schools is between 30 and 40 percent. They

also report that these materials have a higher

percentage of use in larger districts.
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In a study conducted in 1980, Jan Anderson,

University of Northern Iowa, reported the average time

spent teaching science in Iowa elementary classrooms:

1st grade 44 minutes/week

2nd grade 51

3rd grade 66

4th grade 101

5th grade 106

6th grade 115

These are less than those reported by Iris Weiss

in a 1977 survey; however, these times appear to be

quite comparable with those reported by Paul Blackwood

in a survey conducted in 1962.

Blackwood (1965) listed barriers to effective

science teaching, including lack of consultant

services, lack of supplies, lack of room facilities,

insufficient funds, insufficient knowledge, lack of in-

service opportunities, inability to improvise,

unfamiliarity with methods, not enough time, lack of

community support, lack of teacher interest, what to

teach is not determined, and other areas are deemed

more important.

Stanley Helgeson, et al. (1977) concluded that the

"back to the basics" movement and the financial
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situation of the last few years have had a large impact

on and are reflected in science education trends. (The

preceding section was modified and adapted, with

permission, from a professional paper submitted by Jan

Anderson, 1980.)

Some Washington State Data

In 1984, John P. Smith, Donald C. Orlich and

Donald G. Dietrich reported on the status of K-12

science teaching in Washington state. They found that

elementary teachers enjoyed teaching sciences by

"doing" it, i.e., the hands-on approach. But, the

teachers reported that "getting ready and the time

involved" were the least enjoyable part. It is obvious

that it is not enjoyable as the authors found that

science was only taught about 40 minutes per week in

grades 1-3, and about 60 minutes per week in grades 4-

6. These times appear to be even less than those

reported by Anderson.

Teachers reported not teaching science because

they lacked (1) science knowledge and college science

preparation, and (2) interest. Teachers ranked science

in fifth place in the school's program behind reading,

mathematics, language arts and social studies.

However, teachers did respond that it was important to
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stress both science concepts and science processes when

science was being taught.

Thus, it might be conservatively concluded that

science teaching in America's elementary schools is a

chance event, being contingent on a teachers's personal

preference to instruct the subject in actual practice.

To be sure, there are school districts with well taught

elementary science. But, they are the exception, not

the rule.

Probable Directions

Some current directions in elementary science

which appear to earmark trends for the early 80's in

elementary science as follows.

1. Increased textbook usage in schools. There

has been a growing concern on the part of some

educators and citizens that knowledge objectives have

been de-emphasized too much. The trend is toward more

content through the utilization of textbook-based

materials.

2. Changing from a low degree to a high degree of

teacher adaptation. There appears to be more

responsibility being placed upon the teacher to select

froAA the wide assortment of hands-on materials

available in constructing a science program that best
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fits local needs. In many cases this involves cross-

correlation of NSF developed materials with new

11xtbook programs. Teachers are also expected to adapt

materials for students of differing abilities and for

those with physical or emotional handicaps. Elementary

school teachers simply do not have the time to do the

ab:Ive!

3. Development of programs oriented toward the

general student. There appears to be a general concern

for reducing vocabulary development in elementary

science. Textbooks devote considerable concern to

readability and reinforcement of very basic skills.

Publishers tend to provide a very limited array of

styles, but a great variety of concepts and content.

4. Greater emphasis on deskwork and teacher

demonstrations. The effect of inflation has also

impacted elementary science. Deskwork and

demonstrations can lower program costs. It is becoming

more commonplace, even in the NSF developed materials,

to suggest larger work groups or to convert a hands-on

activity into a worksheet or picture-reading activity.

5. An emphasis on revising previously developed

materials rather than developing new programs. The

practice of bringing together scientists, educators,
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and learning psychologists for the development of new

and innovative programs appears to be out of favor at

the present time. New directions seem to emphasize the

revision of the programs of the 60's, with integration

and adaptation of the activities formerly present in

these curricula, into new textbook series.

6. Greater emphasis on quantitative measurement

and use of metrics. The science programs have

responded to the need for precise expression and

measurement since the advent of process science in the

sixties. However, current trends reflect the

utilization of SI metric and a renewed effort to

reinforce basic skills through content areas such as

science.

7. Development of a consciousness for the social

ends of education. The 60's appeared to reflect a

science which was theoretic:1 and did not apply to

contemporary society. New programs tend to develop a

more humanistic orientation with considerable emphasis

on the people of science and contemporary societal and

environmental issues. But, these programs require more

time to teach and thus are not adopted widespread.

8. Concern for the individual. Elementary

science programs are being modified from being almost



totally cognitive to placing considerable emphasis on

the affective domain. Some attPntion is being given to

how a child feels about learning. Educators are

renewing conceptual schemes and searching for the most

comfortable setting for children to develop basic

cognitive competencies. Greater concern is being

directed toward the level of reasoning of the

individual student. Further, science programs and

materials are being developed for handicapped and

mainstream children.

Conclusion

It appears that elementary science is on the verge

of becoming an occasional or supplemental part of the

curriculum, particularly in the first three grades.

Research studies indicate that programs such as ESS,

SAPA, and SCIS have been effective in (1) developing

higher level thinking skills, (2) improving attitudes

toward science and school, (3) contributing to the

development f reading, and (4) improving problem-

solving skills. It is ironic that the reduced emphasis

in science appears to generate current teaching

priorities which are in direct opposition to the

primary goals of American education. There is now,

possibly more than ever before, a real need for quality

-t
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science instruction in the elementary grades. The

leadership to stress science in the schools now falls

on those who are newest to the system!

b6
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CHAPTER 2

DETERMINING WHAT WILL BE TAUGHT

Planning for Successful Instruction

One hallmark of schooling as an organized activity

is the process called planning. We encourage you to

instruct science in a systematic manner. Thus, a

substantial proportion of your time and activity will

be concentrated on planning--deciding what and how you

want your students to learn. It appears that teachers

who work in effective schools exhibit four common

traits: (1) they are well organized iii their planning;

(2) they communicate effectively with their Lcudents;

(3) they have high expectations of their students; and

(4) they continually monitor their students' work and

progress.

We may generalize that, although science learning

can take place anywhere and spontaneously, the more

systematic the teacher, the greater the probability for

science success Instructional planning or lesson

planning implies the establishment of priorities. The

..1t:ting of priorities mandates a continuous set of

teacher decisions. The objectives that you specify

establish science learning priorities for the students.
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We do not wish to imply that -he learners may not

specify their science objectives. But, to be

realistic, the teacher, is responsible for establishing

the priorities through explanations, learning centers,

discussions, learning modules, assignments, use of

textbooks, and "hands-on" science experiences.

It must also be thoroughly understood that all

plans and priorities are tentative and probabilistic.

Plans are estimates Cd.c what ought to take place. What

actually transpires may be different from the original

intent--even with the attainment of very specifically

stated and written )bjectives. Teaching and learning

are interactive endeavors and you can't control the

learners.

By preparing written lesson plans, the priorities

about ti ,earning materials, objectives, and type of

instruction are all made known in advance so that

success may be maximized for two important groups--the

teachers and the students.

Performance Objectives

There is one segment of educators that stresses

that objectives ought not emphasize what the teacher

will be doing, for example, teach about photosynthesis

but rather, should identify the performance or behavior
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that is to be expected of the students as a result of

instructional experiences. For example, if the

instructional topic happens to be the introduction tc

photosynthesis, then one performance objective may be

for the student to "illustrate the general reaction of

the photosynthetic process, using the components of 02,

H20, CO2, glucose, sunlight, and chlorophyll in the

correct sequence of events"; or "illustrate the major

steps of the Water Cycle, using the textbook as a

source."

Since the emphasis is on "observable" student

outcomes, these objectives are c&.led performance or

behavioral objectives. Instructional, learner, and

specific objectives are also used as synonyms, but

these terms should not confuse ycu. The main point is

that you should demonstrate the ability to distinguish

between objectives that emphasize student behavior and

those that state what the teacher is supposed to do.

One important use of behavioral objectives is that

they give the teacher clearer and more precise

guidelines to achieving specific student outcomes; for

example, the expected student performances or behaviors

for which the teacher is responsible in class. That

is, the objectives prescribe exactly which behaviors
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the students must manifest as a result of the

instruction. Likewise, performance objectives are

given to students prior to instruction to inform them

specifically of what they will learn to do. This

eliminates much of the guesswork related to teaching

("What should I teach t'day?") or to the student's

dilemna ("What should I study for the test?").

Note that there is an implicit assumption that,

because the student is told in advance what is

expected, the student will be self-motivated to do the

tasks. This is not the case, just as it is not always

the case if general statements are made to students

about what is expected of them. A more detailed

critique of the uses and abuses of performance

objectives will be presented at the end of this

chapter.

Performance objectives are widely used in a

variety of instructional systems and, as a prospective

teacher, you need to understand and develop the

technical skills that are necessary to prescribe and

state these types of objectives. If you ever become

involved in any "individualized" program, it is

mandatory that you skillfully write ant_ analyze

performance objectives, since nearly all individualized

72
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programs using "mastery" learning techniques referenced

to performance objectives. Furthermore, some states,

by law, as does the state of Washington, require that

they be specific as do some school districts, by

policy. Finally, computer assisted science instruction

is keyed directly to learning objectives that are

carefully prescribed.

A particular demand on teachers to make use of

performance objectives has come from the Education for

All Handicapped Children Act of 1975 (Public Law 94-

142), which requires that all handicapped children be

taught in the regular classroom to the greatest

possible extent. As part of "mainstreaming"

handicapped children into the classroom, an

Individualized Educational Plan (IEP) must be prepared

for each special student. Each IEP must be written in

terms that identify the specific learning outcomes

expected of the student. This means that each plan

must contain performance objectives for each student,

which allow for precise measurement of the degree to

which the special student has mastered the prescribed

task. Certainly, the IEPs required by PL 94-142 will

cause many teachers to become highly skilled in the

writing of performance objec 4.ves.
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Beginning the Process

The identifying and writing of performance

objectives take letailed planning. Often one begins by

identifying objectives at a very broad level, then

working toward specifics. Developing performance

objectives is, therefore, z deductive process. The

direction of movement is from a general frame of

reference to more specilic ones. Most simply, there

are three levels of specificity. These levels may be

classified as: (1) general (often synonymous with

goals); (2) intermediate; and (3) behavioral or

performance. This chapter deals only with the latter

that is, behavioral, performance, learner, specific, or

instructional objectives.

Before closure is made here, it must be understood

immediately that performance objectives are not usually

the scientific procese- objectives abcut which we

discussed earlier. The process objectives, to be sure,

require student performances. But, the processes are a

means by which a teacher conducts the science lesson.

They are not specific behaviors. This may sound

confusing, but we will amplify the distinction.

Deciding which objectives are valid and relevant

in any course or r- Tram is a very important and
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adifficult part of curriculum planning. To help in

this important decision, educators have been urged to

examine three principal sources of objectives by Ralph

W. Tyler, a pioneer in the field of behavioral

objectives. Tyler (1949) stated that the sources for

objectives ought to be: (1) the learner; (2) studies

of contemporary life outside the school; and (3) the

subject matter itself, the respective disciplines.

If you were to follow the rationale of some

proponents of performance objectives to its ultimate

conclusion, you would find yourself creating an

individual set of objectives for every student. While

this may be an interesting "goal," 14s view it as being

fiscally and procedurally not feasible. It is doubtful

that any society with limited ..esources would decide to

pay for total individualization of instruction.

Fortunately, such individualized instruction is not

required to provide effective, appropriate, and

meaningful learning opportunities for all students.

Intermediate-range objectives, (those 13

processes) while useful as guidelines, are still too

general for direct implementation in instruction; thus

the classroom teacher states even more specific

objectives so that explicit direction is given to



learning. These specific objectives usual2v are called

behavioral objectives, because learning is defined as

an observable change in the behavior of students. That

is, learning is assumed to have occurred when the

student demonstrates some behavior that could not be

shown prior to the learning experience. Therefore, at

the instructional level, objectives are statements

about the behavior of the student. Rather than

identifying what the teacher will do, specific

performance objectives describe what the learner will

do.

Rationale for Performance Objectives

While many teachers are able to recognize

educational goals and to translate them into effective

conditions for learning, others have not carried their

thinking beyond the stage of selecting the content to

be presented. The danger is that the teacher will not

recognize effective ways of reaching the necesary

objectives if, in fact, the objectives are not

individually formulated. Also, unless students know

what the objectives are, they are likely to resort to

memorization and mechanical completion of exercises

rather than carrying out relevant learning activities.

When the teacher tells the student what is expected, a
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model is provided around which learning activities can

be individually organized. When this is done, the

teacher and student have established a "perceived

purpose" for all that is to follow. Unless objectives

are specifically stated, it is impossible to determine

the student's achievements at any given moment.

Therefore, statements that define what is expected of

the learner must be available. These are the basic

assumptions associated with the performance objective

movement.

Currently, over 80% of the state legislatures or

state education agencies are considering or have

already mandated plans that "make the schools

accountable." In general, making schools accountable

means that teachers will be evaluated in terms of how

their students perform. The only way that teachers can

"prove" that their students have learned is by

providing measurable iilence that their students are

different at the completi,n of a sequence of

instruction than ti,ey were before instruction. One way

a teacher can provide measurable evidence is by stating

in advance of instruction the performance they expect

of their students performance objectives. (Obviously,

there are other ways.) Therefore, in the many states
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where accountability programs are a part of the

teacher's daily life, performance objet es have

become a primary part of their planning and

implementing of instruction.

It is assumed that teachers involved in preparing

and using behavioral objectives have a mastery of the

academic discipline, science. This assumption is not

valid .:or the majority of elementary school teachers.

Therefore, because the preparation of behavioral

objectives demands a critical analysis of the subject

matter to be learned, a variety of aids such as

textbooks, curriculum guides, and print and nonprint

materials may be useful to elementary teachers. But,

the teacher ultimately makes the decision.

Taxonomies of Behaviors

In 1948, after an informal meeting of evaluation

specialists, a decision was made to formulate a

theoretical framework to facilitate more precise

communication about the learning process. It was

agreed that such a framework would best be devised

through a system of classification of the goals of the

educational processes. It was the assumption of the

group that educational objectives, stated in behavioral

form, are reflected in the behavior of individuals.
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That is, behavior can be observtd and described, and

these descriptive statements can be classified.

The plan for classification involved a complete

taxonomy in three major parts--the cognitive, the

affective, and the psychomotor domains.

The Cognitive Domain includes those objectives

that deal with the recall or recognition of knowledge

and the development of intellectual abilities and

skills. This is the domain in which most of the work

in curriculum development has taken place and in which

the clearest definitions of objectives phrased as

descriptions of student behavior occur.

The Affective Domain concerns attitudes, beliefs,

and the entire spectrum of values and value systems.

This is an exciting area which curriculum-makers are

beginning to explore.

The Psychomotor Domain attempts to classify the

coordination aspects that are associated with movement

and to integrate the cognitive and affective

consequences with bodily performances.

These taxonomies were designed to act as a

classification system for student behaviors that

repres .3nt the intended outcomes of the education

process. By combining the pLinciples of the taxonomy
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with the careful preparation of performance objectives,

the teacher can focus instruction on outcomes that vary

from the simple to the complex. Using the taxonomy,

the teacher can prescribe objectives to build simple,

entry-level skills for students or to develop complex,

high-level skills that meet the student's individual

needs. A taxonomy as an analytic "tool" i-_, most useful

when the teacher is attempting to develop a specific

IEP or when he or she is building entry-level skills

for educationally disadvantaged children. Thus by

understanding the taxonomy, the same classes of

behavior may be observed in the usual range of subject-

matter content, at different levels of education, and

even in different schools. Chapter 3 is devoted

entirely to the cognitive taxonomy where further

clarification and amplification is made.

Elements of Performance Objectives

Although performance objectives are written in a

wide variety of styles, there are generally three

elements (Mager, 1962) that can be included in the

specification of a performance objective:

1. The statement of an observable behavior or

performance on the part of the learner.
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2. An elaboration of the conditions under which

learner behavior or performance is to occur.

3. The prescribing of a minimally acceptable

performance on the part of the learner.

You will often observe the first element in most

performance objectives meeting the specification of the

intended behavior or performance. According to purists

of the skill, only when all three elements are stated

is an objective written appropriately. As learners of

the skill, you should always state the three elements

for practice. This repetition will then give you

insights (nonbehavioral term) into how you will feel

(affective term) about their use in your teaching or

how to evaluate (cognitive term) curricula that use

such objectives. Again, it will be your decision

(affective behavior) as to what style You choose. It

was our decision (arbitrary and cognitive behavior) to

illustrate a three-element type.

Element One: The Performance Term

The first element of a behavioral objective is the

specification of a word, generally a verb, that

indicates how the learner is performing, what the

1.1arner is doing, or what the learner is producing.

Words such as match, name, compute, list, assemble,

U I
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write, circle, and classify result in observable

learner behaviors that will help you to evaluate the

achievement of behavioral objectives.

For example, if you state that the student must

name the symbols of ten listed chemicals, the student's

behavior is manifested when this performance takes

place; and everyone will know that the student has

attained the stated objective. In one sense, the

quality of the performance acts as an evaluative

measure. We will expand this point under criterion

reference, which follows later.

The specifications of the performance, of course,

are derived from the goals and intermediate objectives.

As you teach science, one goal always will be to

provide instruction about the way scientific content is

discovered. An intermediate objective si'rely will be

to study how to distinguish between observations and

inferences, i.e., two processes or intermediate

objectives. Specific performance objectives may be as

follows. The learner will:

1. Identify objects that are solid and those that

are liquid.

2. Read a temperature in degrees celsius.

3. Identify three objects by their odors.

t2
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4. Identify two state71nts that are inferences.

5. List three observations that support a stated

inference.

6. Classify 10 items by the characteristics of

being "magnetic" or "non-magnetic."

7. List observations which can test a stated

inference.

All of these objectives are written with a

prescribed student performance in mind. Table 2-1

contains a handy list of action verbs that will help

you in constructing the first element of performance

objectives.

Careful examination of the table will show you

that it contains mainly transitive verbs, the "action

verbs." They suggest that the actions are done to

objects which must also be specified. The objective

thus tells what will be done. This is critical, since

the intended action is meaningless Laless the objective

is clearly specified.

Words such as know, understand, analyze, evaluate,

appreciate, comprehend, and ,realize are not action

verbs. Whfle such terms are important in the process

of learning science, they are not observable Actions
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TABLE 2-1

Some Action Verbs that Describe Observable
Cognitive Behavior

A E M S

alphabetize enumerate manipulate select
apply a rule extrapolate mark off specify
arrange match state a
assign values F measure

memorize
rule

suLatitute
factor
figure

mix subtract

bisect fill in
find

N T

C formulate name tabulate
transcribe

calculate
chart
circle
classify

G

graph

0

order
order

translate

combine I alphabetically underline
complete order urdertake
compute identify serially
construct inscribe

insert p
V

D interpolate
itemize

puint out

verbalize

define
describe

J predict
put in order

diagram
disect
discriminate
among

join

K qualify
quote

write

X

distinguish
between

keep
R

x-ray

divide
draw

L
rank

Y

duplicate label
list
locate

rate
reproduce

yell

34
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and thus cannot be used when writing performance or

behavioral objectives. We suggest that terms such as

these be used in specifying gcals or intermediate

objectives. Remember that you make the decisions about

the kind of performance you think is mos' appropriate

or relevant to a selected grade level or age group.

Thus, the fir--c. and most important element of any

performance objective is the stating of the action verb

and its attendant objective. In many cases, this is

the main performance objective. However, according to

Robert F. Mager (1962), the exponent of tne performance

objective movement, there must be two additional

elements to make a performance objective truly

communicative: the conditions under which the

performance is to take place and the evaluative

statement.

Element Two: Elaboration of the Conditions

The second element in the prescribing of a

behavioral objective is the statement of the conditions

under which the learner is to perform the behavior.

If location is important to accomplishing tt-4 objective

than this must be stated in the conditional element of

the objective. Thia decision establishes the

circumstances or conditions under which the learner
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must perform the action. Generally conditional

elements refer to:

1. What materials muy be used to do the tasks.

2. How the performance may be accomplished, for

example, from memory, from the textbook, or

from a handout.

3. Time elements (although time may also be used

in evaluation).

4. Location of the performance (in the classroom,

at a learning station in the library).

Observe this example: "With the aid of the

Periodic Chal:t, the student will list the atomic

weights of the first ten elements . . . ." Note that

the conditional statement is "with the aid of the

Periodic Chart." This tells a student that there is no

need to memorize the atomic weights, but to be simply

able to identify them from the Periodic Chart. We

often refer to the conditional component of a

performance objective as a "statement of givens":

"Given this" or "given that," the learner will

accomplish something.

Perhaps the conditional element of a performance

objective is the "fair play" part of the instruction.

How many times have you walked into a science class

as
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only to find that when the teacher said to "study" a

lesion, the actual of implied meaning, at least

according to the teacher, was to "memorize" tht lesson?

The imprecision of such conditions is confusing, if not

demoralizing, to students and can often lead to

discipline problems for the teacher. We recommend that

this element of instruction always be given e:Tlicitly

to students whether you use performance objectives or

not.

Below is a list of a few conditional statements

that could La included in the appropriate performance

objectives.

1. "From memory . . ."

2. "Using a list of . . ."

3. "On a handout, which describes . . ."

4. "Given six different samples without

labels . . ."

5. "From the notes taken while observing

shadows . . ."

6. "Using all 10 blocks in the stack . . ."

7. "Within a 10-minute time span and from

Aemory . . ."

8. "When given the names of six substances . . ."

9. "Using the Celsius thermometer . . ."
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10. "With a compass, ruler, and protractor. . . ."

11. Using a magnet . . ."

12. "Using the three chemicals and glassware

provided in the tray . . ."

13. "Using an overhead projector . . ."

14. "Given a set of data . . ."

15. "With the use of litmus paper . . ."

These are some general examples of the conditions

under which a student can achieve a desired science

performance objective. In most cases, the condition

will be singular and simple, e.g., from memory;

however, the condition may be multiple in nature. The

conditional statement is set by the teacher and given

to the learners in advance. We recommend that the

condition be written as the first component of the

performance objective, although its placement is not a

major issue over which to argue. We simply view it as

having greater impact on the teacher, so that it is not

omitted. In addition, conditions must be realistic.

Even though technically prescribed, "Listing 96

chemical elements in alphabetical order from memory in

10 minutes" would be a most irrelevant condition and

stupid assignment. One must always ask, "What is my

main priority for the objective?" If memorizing is the

(8
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priority, then that condition will effect the

attainment of the objective. If identifying 36 key

elements on the Periodi- Chart is the ,riority, then a

condition less rigorous than memorization would be more

compatible with the objective.

We highlight this point, not to be facetious, but

to warn you of possible pitfalls. In our collective

experiences, we have witnessed performance objectives

with outrageous, if nest impossible, conditions.

Conditions must not act as an unreasonable impediment

to the student responding to the essence of the

objective in an effective manner.

Element Three: The Criterion Measure

Perhaps the most unique element and the most

difficult decision to be made in a three-part

performance objective is the definition of an

acceptable Itandard of performance. This standard is

usually called the "criterion measure," "level of

performance," "minimum criterion," or the "minimum

acceptable performance." Whatever the term used to

define this element, it must be kept in mind that the

designated level is the minimum or loaest level of

acceptable performance. Traditionally, this level is

indicated by a grade of "C" the average level. With
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this truly unique element in instruction, a student

knows in advance exactly what the standards are by

which the work will be judged.

Examine the selected criterion measures,

remembering that the conditi n and the performance verb

are missing from the statements.

1. . 70 percent of a given list of

problems."

2. ". . within 2mm. . . ."

3. . 9 out of 10 of the elements . . . ."

4. . within five minites, with no more than

two errors of any kind."

5. 11
. . . the project will be compared to the two

models illustrated by the instructor."

6. . without any grammatical or spelling

errors."

7. ". . . containing one dependent and one

independent variable."

8. 11
. . . in exact order from the Sun to Pluto."

9. 11
. . . in 10.0 seconds or less."

10. ". . . 8 out of 10 consecutive trials."

Each of these criterion elements illustrates a

well defined standard toward which the student could

strive. These standards are always devised so that the
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students have a high probability of achieving them and

thus will be encouraged to continue to achieve the

established criterion. We also caution that many

teachers expect far too much from their students and

set standards that are too high or impossible to reach.

You must know at what level your students are working

so that you may establish "reasonable" minimum

standards, an accomplishment that is both an art and a

science!

Frequen' y an instructor will require 100 percent

of the class to attain 100 percent of the objective,

that is, complete mastery. Such criterion measures are

called 100/100 criterion measures, since 100 percent of

the class must obtain a 100 percent score. There are

many times when teaching science that you will require

mastery, such as when building skills, applying

knowledge, constructing something, using equipment,

stressing safety procedures, and doing other basic

activities. In these cases mastery or the top level is

the minimum acceptable level. Again, you, the

professional, must make that decision. When completing

prerequisite or entry-level tasks, the mastery

criterion is most appropriate, since later skills are

contingent on performing the initial ones.

4
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Criterion grading

A word of caution must be expressed about

criterion levels. Far too frequently, a percent number

of a time is prescribed by the teacher as establishing

the evaluation element of the performance objective.

If time is a critical factor in the real world, in

brake-reaction times, and manipulating machinery, then

a timed criterion is appropriate. But to ';et the time

of early or initial science experiences identical to

that of practitioners in the field is inappropriate

professional behavior on the teacher's part. Science

skills and processes can be built or improved by using

variable criterion measure just as with any systematic

method aimed at improving skills. Thus, a criterion

measure of 30 seconds for a skill in the first

experience may be reduced as the learners improve.

Typing teachers have observed this principle in action

many times. As time progresses in the course, the

students are allowed fewer mistakes per selected time

period. In short, the standards for an "A" or top

grade or even a "C" or average grade are shifted to

higher levels of achievement as the course progresses.

Science educators have criticized performance

objectives for seeming to force them into giving "A"
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grades for minimum student performance. This need not

be the case. As a teacher, you may write performance

objectives with clear criterion measures and make the

meeting of those objectives worth any letter grade you

choose. You may establish the standard that the

meeting of criterion measures in your objectives will

earn your students a "C" grade. Not meeting the

criterion measures in your objectives will earn

students a grade of less than "C" and achieving a grade

higher than "C" will require performance beyond those

prescribed in your objectives.

Several other alternatives concerning performance

objectives and grades are available to the teacher.

You may choose to write several performance objectives

for a sequence of science instruction. Each objective

can be progressively more difficult, with each worth a

higher letter grade. Thus, completing performance

objective I is worth a grade of "D", while completing

it and objective 2 is worth a grade of "C," and so on.

Another alternative, a variation on the one above,

is to prepare performance objectives that have several

progressively more demanding criterion measures. In

this instance, each criterion measure represents a



higher letter grade when the learner improves enough to

achieve it.

Rather than pressuring the teacher into giving a

high grade for mediocre science performance, careful

use of performance objectives gives the teacher the

ability to prescribe precisely the value and meaning of

letter grades in terms of overt learner performance.

To loft complete, performance objectives must have

criterion measures. But, there are circumstances in

which the criterion measures may not appear in the

performance objectives themselves. One such situation

is when the teacner has estab,.ished a class norm that

holds true for all similar objectives given to the

class. For example, d teacher may set a standard

requiring that all readings on a thermometer must be

read within 1/2 degree Celsius. All of the performance

objectives for the inst,:uctional sequence are presumed

to include this criterion measure. In another example,

a teacher, at the beginning of the school year,

establishes the norm that all written assignments must

be without error in spelling and punctuation. Although

subsequent performance objectives for the class may not

have this criterion measure explicitly stated, it
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becomes, in fact, a part of the criterion measure in

each performance objective requiring written work.

Perhaps the establishment of reasonable levels of

excellence is the most difficult task in writing a

three-element performance objective. It certainly is

the part that requires teacher decisions that reflect

discretion and fairness. Determining whether the

criterion level demanded of the student is valid, in

terms of the purposes of instruction, is a critical

decision for the responsible teacher who prepares

performance objectives.

Finally, what becomes of the students who cannot

measure up to minimum standards? Are they simply

flunked? For the time being, we leave that question

for you to ponder with your peers.

Models of Completed Performance Objectives

Below is a series of performance objectives that

contain the three elements described in this chapter.

As you read each objective, identify each element; then

compare your analyses with those of your laboratory

small group.

1. Given a list of titles of 10 chemical

formulae, the learner must identify in
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writing the four that contain Calcium.

2. From thosa alternatives discussed and listed

in this class, the student from memory, must

list three of the apparent causes of the ban

of DDT.

3. Using the data generated by the class in the

experiment, the student will list three

conclusions which can be validated by the

data.

4. Using red litmus paper, the student will test

the 10 liquids and identify the five which are

basic.

5. Using the description of an ecosystem, the

student will identify in writing the three

subsystems, with complete accuracy.

6. Given a compass, a battery and a wire, the

student will demonstrate that a magnetic field

may be induced in the system. The student

must provide evidence that others could

replicate.

7. After completing the chapter on environmental

issues, the student will list at least six

problems that could become issues in your own

city.
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behavioral objective being one component of the lesson

plan. A teacher can construct technically correct

objectives but can fail completely in the classroom

because of a lack of teaching skills and interpersonal

competencies or strategies.

When developing lessons that use behavioral

objectives, a teacher must accept the following

assumptions:

1. Learning is defined as a change in the

learner's observable behavior.

2. Behavioral changes are observable in some form

and may be measured by appropriate measuring devices

over a specified period of time.

3. Observed learner outcome is primary to the

teaching strategies, the content, or the media us_d.

4. The vast majority of all children at all ages

can master any subject at some acceptable level if they

are given enough time and adequate, appropriate

learning experiences.

Problems in Writing Appropriate Objectives

We have noticed at least four major problems that

teachers encounter when writing behavioral objectives.

Each of these four is discussed below.

38

86



behavioral objective being one component of the lesson

plan. A teacher can construct technically correct

objectives but can fail completely in the classroom

because of a lack of teaching skills and interpersonal

competencies or strategies.

When developing lessons that use behavioral

objectives, a teacher must accept the following

assumptions:

1. Learning is defined as a change in the

learner's observable behavior.

2. Behavioral changes are observable in some form

and may be measured by appropriate measuring devices

over a specified period of time.

3. Observed learner outcome is primary to the

teaching strategies, the content, or the media us_d.

4. The vast majority of all children at all ages

can master any subject at some acceptable level if they

are given enough time and adequate, appropriate

learning experiences.

Problems in Writing Appropriate Objectives

We have noticed at least four major problems that

teachers encounter when writing behavioral objectives.

Each of these four is discussed below.

38

86



Confusing Instruction with the Conditional Statement

One of the common traps into which teachers fall

is that of writing a behavioral objective that is

nothing more than the condition under which the

instruction is to take place. For example, written

objectives that state, "After viewing a film" or "after

classroom safety instruction," are statements referring

to the conditions that should take place prior to the

performance. They are not performance conditions or

objectives. Thus, we have found that teachers confuse

what they intend to instruct with what they want the

learner to learn by specifying prerequisite conditions.

More appropriately written conditions may specify "from

memory" or "using classroom notes taken while viewing a

movie" when the student is to recall a concept or a set

of concepts.

Incomplete Criterion Statements

In developing the criterion statement for an

objective, it is very easy to make a statement such as

"define" 8 out of 10 terms," which specifies only the

quantity of the performance but not the quality. In

such a case, the instructor must first have a set of

criteria by which to judge the quality of each
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definition before determining whether the student has

given the minimum number of eight definitions.

Level of Performance in Criterion Statement

For a long time our society has accepted a graded

level of performance: 70 percent = C, 80 percent = B,

90 percent = A, and so on. Using the behavioral-

objective approach to teaching requires a different

system of grading, because the criterion level is

related to the performance. A teacher must ask two

questions: (1) "At what level must my students perform

in order to be successful in subsequent science tasks?"

and (2) "What level is considered successful in the

world in which the student lives?" In a beginning

science class, the teacher strives for a 95 percent to

100 percent mastery of concepts, while in a beginning

archery course, the instructor considers an acceptable

level to be 50 percent of the arrows hitting the

target. At best, the teacher tablishes a

hypothetically acceptable level of performance and

keeps collecting data to substantiate, modify, or

reject that level. Remember, that in nearly all cases

standards are subiective. if not arbitrary!

Another problem related to the establishment of

minimal levels of performance is the tendency to
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convert all levels to percentage scores. "List an

operational definition that is 80 percent correct" is a

misuse of a criterion measure and is inappropriate.

A more reasonable approach would be to define

operationally the elements necessary for an acceptable

statement. Once the attributes or elements are stated,

it may be reasonable to request a certain percentage of

these attributes or elements to be included. For

example, the criterion that "each experiment must have

one controlled variable" provides a valid standard by

which to judge an experiment.

Still another problem. is the overuse of time

statements within the criterion measure. By placing

time in the statement, the instructor is suggesting

that time is at least as important as is quality, and

even more important, if the quality criterion is

omitted from the objective. Putting a time limit on

science activities that require manipulation or

constructed products usually defeats the intended

outcome such as accurate writing or accurate

construction. The decision to include time must be

deliberate and not just a habit developed by a clock-

watching teacher.
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Reductio ad Absurdum

Given these three Latin words, the student will

copy exactly the definition of this term from Webster's

Collegiate Dictionary.

We assume that at this point you have asked

yourself, "Couldn't all this performance-objective

writing lead to compilations of millions of trite,

useless, and seldom used lesson plans?" And the answer

is "And How!" Advocates of performance objectives

sometimes fail to caution that you can fall easily into

the trap of working out mechanistically a series of

performance objectives that are totally and irrevocably

irrelevant.

If you make the decision to use this instructional

technique in the science class (or if someone with

higher authority makes the decision for you), then you

must be careful not to generate trite, redundant lists.

We have seen science teachers who hand their students

pages of performance objectives and simply tell them

that they are on their own--all in the name of

individualized instruction. Furthermore, we have

witnessed the publication of thousands of objectives

that are on exchange so that teachers can borrow from

each other. We have also heard discussions in which
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teachers find themselves trying to prescribe every

single learner activity with such specificity that the

objectives, not the learner's achievement of them,

become all important.

In short, we are cautioning that overuse of

performance objectives is just as absurd as not using

any at all. Your decision to use them must always be

predicated on the potential benefit to the learner.

Reasons for Usinct_Behavioral Objectives: Summary

Behavioral objectives clarify the intent of the

science lesson for the teacher. With clearly stated

outcomes in mind, the teacher is better able to design

appropriate learning experiences for the class, and for

each child, if the program is individualized or

computerized.

Behavioral objectives also clarify the intent of

the lesson for the learner. The student is able to use

time more efficiently, since he or she has the

knowledge of what is to be performed. If the approach

is employed in a self-instructional program, the

student may have the alternative of individually

selecting science learning experiences.

Behavioral objectives make it easier to measure

student achievement. Since the criteria are stated in
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the objective, both student and teacher know chat is

expectea of the stildent, and the student gets immediate

feedback about the performance. It is simpler to

arbitrarily assign, students an A, B, C, or F without

specifying what it is that is being measured. You may

recall those extremely biased essay tests in which no

learner objectives or grading criteria were specified.

A teacher may still assign A's, B's, and F's, but

only with a prior explanation of the criteria by which

such grading standards will be applied. Also, by

specifying behavioral objectives, a contract grading

system may be developed, or a different qualitative

component may be prescribed, for each different level

of performance for each grade.

Behavioral objectives make it easier to measure

effectiveness of instruction. The teacher's job is to

aid student learning. Since the level of performance

is stated, it is easier to determine if the selected

materials, activities, and teaching strategies have

been helpful to the student in achieving the stated

objectives. As a result, effectiveness of instruction

is based on student achievement of the instructional

objectives.
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Behavioral objectives should help to develop a

more effective communication system among teachers,

students, administrators, and parents. A well stated

set of behavioral objectives provides a common frame of

reference for discussion. Since instruction is the

primary purpose of education, precisely written

instructional objectives are essential to any

meaningful deliberation.

Reginald F. Milton (1978) reviewed the research

concerning the effect of behavioral objectives on

student learning. He noted that the findings of

reported research are very conflicting. However, there

do seem to be several gen :ralizations that are

supported by some research evidence.

1. Behavioral objectives do act as guides to

student learning and as advance organizers.

2. Performance objectives tend to depress

incidental learning.

3. Providing students with behavioral objectives

after a learning sequence tends to improve incidental

learning.

4. Distributing performance objectives throughout

the textual material mey improve learning, that is,



distributing the objectives over an assignment may be

more effective than giving all the objectives at once.

A Final Caution

Specifying learning activities in behavioral form

is just one element in the totality of teaching

science. A teacher who uses appropriately designed

behavioral objectives may develop into a better

instructor. A disorganized, haphazard, or slovenly

teacher with or without behavioral objectives will

still be disorganized, haphazard, or slovenly. But

more importantly, the quality of the objectives is of

prime importance. A teacher with technically correct

and relevant objectives will help students to

demonstrate more relevant science behaviors.

One last caution. We advocate hands-on activities

and inquiry as two absolutely essential attributes of

good science teaching. We have found out that it is

very difficult if not impractical to write performance

objectives that are inquiry oriented. The concept of

inquiry is antithetical to performance objectives. It

is important to realize that point.

Further, we really do not accept the assumption on

which behavioral objectives are predicated. If

learning is only observable behavior then most of what
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is important to humankind is not learned-- trust,

initiative, care, persistence. Donald C. Orlich even

doubts that the evidence supporting behavioral

objectives is empirically validated. In short, some

outstanding science teachers never use behavioral

objectives. Yet, this instructional technology is

blindly followed in the field. So, we must address it

or be out of touch with practice--even if bad practice.

Behavioral objectives are no panacea for the ills

of science. But if you wish to be more precise in

delineating science learning outcomes, then performance

objectives ought to help in making the learning goals

more sharply focused. It is your decision how to use

this technique correctly.
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CHAPTER 3

-;YONOMIES AND TEACHING SCIENCE

The concept that underlies all educational

taxonomies as decision-making tools is simply this:

Not all teacher or student behaviors are the same.

Acccrdingly, different responses are elicited from the

student. That is, if the teacher acts differently, the

student will respond in different ways. From this, we

may infer that the student is learning different

behaviors. Taxonomies are classification tools that

science teachers use to describe the quality of

different learning outcomes.

Teachers may be identified by the different

actions they perform. These actions may include the

formulating of performance objectives, of questions to

be asked, or of tests to be administered. Within these

clusters of teacher behaviors (performance objectives,

questions, or tests), not all actions are the same.

Teachers can generate different objectives, ask

different questions, and . rmulate different tests on

basically the same topic or content. These different

objectives, questions, or tests reflect differences in

the teachers' goals. For example, there is a great
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difference between the question. "When did Einstein

discover Relativity?" and "How did Einstein's

discovery of relat.;.vity affect physics?" One way of

examining and comparing the differences in teacher

emphasis is to analyze these teacher behaviors in terms

of a taxonomy. A taxonomy is a classification system

that educators use to observe, compare, and evaluate

performance objectives, questions, written materials,

and evaluation methodologies (tests).

As stated previously, a taxonomy is first a

classification system, a way of grouping selected

cbjects together, such as plants, animals, performance

objectives, or questions. We consider a taxonomy to be

more than just a classification system. What

differentiates a taxonomy from a classification system

is that a taxonomy assumes to be hierarchical in

characteristic; that is, a taxonomy is a classification

system with a prioritizing or ordering. Not all the

classes of learning are at the same level. The method

by which the classes are arranged in a hierarchy

depends upon the organizing principle and the type of

taxonomy.

In the taxonomy of the animal kingdom, the phyla

are arranged according to evolutionary complexity.

1 1 0
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Thus the phylum Chordata (animals with backbones) is

higher than Porifera (sponges), which is higher than

Protozoa (one-celled animals). In most educational

taxonomies, the organizing principle is that of

intellectual complexity. The higher levels in

taxonomies involve more complex student behaviors than

the lower levels. In addition, the higher levels in

taxonomies build upon the lower levels. If a student

can perform at a third level, then we also assume that

the student can perform at the two lower levels. This

subject will be discussed further later.

Using Taxonomies in Science

In teaching science, the formulated objectives

should determine the teaching procedures and the

evaluation procedures, but with all elements affecting

each other. A taxonomy can be used in each of these

processes: (a) in formulating objectives at an

appropriate level; (b) in developing classroom

questions and learning exercises; and (c) in

constructing evaluation instruments that are congruent

with the objectives and strategies previously employed.

In other words, taxonomies can be used to decide what



to teach, how to teach, and i.ow to evaluate the

effectiveness of our teaching.

Why Use a Taxonomy?

For any educational tool to be useful, it must be

regarded as appropriate and effective. Science

teachers employing taxonomies have found them to be

useful because they serve the following purposes. (You

may want to add your suggestions to this list.)

1. Provide a range of obiectivos. A taxonomy

provides a list of possible ranges of objectives

available by which to teach science. A close

examination of the categories may prevent the teacher

from overemphasizing one level, such as the knowledge

level, in his or her teaching. In this respect, a

taxonomy not only adds variety to the teacher's

repertoire but also gives greater breadth to his or her

science objectives.

2. Sequence objectives. An analysis of learning

tasks will indicate to the teacher the learning

experiences necessary for the student to obtain the

intended outcomes. A taxonomy provides one means of

sequencing learning, from simple to complex

interactions.

4r.)
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3. Individualize instruction. Related to the

idea of sequencing instruction is the use of taxonomies

as tools for individualizing instruction. Several

recent developments in education make this an

especially persuasive argument for using taxonomies.

One such development is the growing realization on the

part of educators that there is a great deal of

heterogeneity in most classrooms. Students not only

enter classrooms with different experiential and

knowledge backgrounds, but also learn at different

rates and in different optimal situations. This

problem of heterogeneity is further complicated by the

mainstreaming of some special education students into

the regular classroom. By identifying and sequencing a

number of learning objectives and activities in terms

of a taxonomy, the teacher allows the students with

differing capabilities to start at different points in

series of learning objectives and to proceed through

the sequenced activities at different rates, hopefully

achieving higher levels of the taxonomy.

4. Reinforce learnina. Since each lower category

of the taxonomy is subsumed by the next higher

category, reinforcement of previous learning occurs if
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learning experiences are sequenced in terms of a

taxonomy.

5. Provide a cognitive structure. Researchers

have shown that students learn and retain information

better if it is organized into some type of cognitive

structure rather than presented as isolated items.

Taxonomies can provide a cognitive structure to

teachers by helping them evolve from facts to

comprehension, application, analysis, synthesis, and

evaluation of ideas, concepts or operations.

6. Insure instructional congruency. Once a

science objective (or concept) is written and

classified by the teacher at a particular level, it

helps the teacher in selecting the most appropriate

teaching strategies and evaluation techniques that

coincide with the level of the objective. If an

objective is written at the application level, learning

experiences for students must be provided where

students apply the knowledge. In addition, the student

should be tested or evaluated at the level at which

they learned. If the goal of a particular science unit

is to teach a person how to control variables, then the

teaching activities should be geared toward this goal

and the evaluation should match. In this situation, a
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paper-and-pencil test would be congruent with the

learned behavior. The teacher can prevent mismatches

by analyzing his or her objectives, learning

activities, and evaluation procedures, making sure they

are compatible with the science objective or activity.

7. Diagnose learning problems. Should a student

not achieve the intended outcome at the level specified

by the teacher, the teacher can systematically examine

at which level the student is encountering the learning

difficulty and thereby prescribe learning experiences

to help the student overcome the specific learning

deficit. This use of taxonomies may become

increasingly important in view of the growing

acceptance and retention in our schools of students

with diverse cultural backgrounds, as well as the

mainstreaming of special education students into the

"regular" classroom.

8. Provide a learning model. By experiencing a

series of "hands-on" learning activities sequenced in

terms of a taxonomy, students are able to perceive that

science can be sequenced according to the relationships

of the categories to each other, thus obtaining a model

of learning that they too can use when they leave the

classroom.

1



9. Design appropriate test items. Teachers who

understand the principle of fairness will be quick to

use the taxonomy as a self-evaluation device to check

the appropriateness of test items. There is evidence

to show that most teachers at most levels of

instruction teach at rather low levels. Yet tests are

often constructed to measure higher levels of thinking.

This is not fair to the students. The teacher can

match learning objectives and teaching activities with

the test items to determine whether or not the test

approximates the level described in the objective and

at which the lesson was taught. This is an application

of the concept of congruency.

10. Assist in instructional decision-making. By

using a systematic method of analysis, teachers can

decide where the learning will lead and how much time

to devote to establishing meaningful prerequisite

skills. The taxonomy thus acts as an instructional

guide for the teacher.

We are now ready to begin an analysis of the

taxonomy of the cognitive domain.
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Bloom's Taxonomy: A Classification*
System For The Cognitive Domain

Educators have divided the types of learning that

take place in the schools into three areas: affective,

psychomotor, and cognitive domains. The affective

domain deals with attitudes, interests, and values.

The psychomotor domain deals with manipulative or

motor-skill activities (for example, printing, writing,

or mixing chemicals). The cognitive domain, the area

with which we are primarily interested, concerns

knowledge and. the development of intellectual abilities

and skills. Most of the time, teachers at both the

elementary and secondary levels are concerned with the

cognitive domain. The most widely used classification

system for analyzing objectives in the cognitive domain

is Bloom's Taxonomy. In 1956, Benjamin S. Bloom, co-

edited a book entitled Taxonomy of Educational

Objectives: Cognitive Domain. Thus we commonly refer

to this classification system as Bloom's Taxonomy.

Bloom's Taxonomy classifies cognitive behaviors into

six categories ranging from fairly simple to more

complex behavior. A brief description of these

categories can be found in Table 4-1.

*Permission to use the Taxonomy of Educational
Objectives, Handbock I: Cognitive Domain granted
by Longman, Inc., Copyright c 1956.
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TABLE 4-1 Six Major Levels of Bloom's Taxonomy

Level Characteristic Student Behaviors

Knowledge

Comprehension

Application

Analysis

Synthesis

Evaluation

Remembering; memorizing; recognizing,
recalling

Interpreting; translating from one
medium to another; describing in one's
own words

Problem-solving; applying information to
produce some result

Breaking something down to show how
it is put together; finding the
underlying structure of a
communication; identifying motives

Creating a unique, original product that
may be in verbal form or may be a
physical object

Making value decisions about issues;
resolving controversies or
differences of opinion

*Permission to use the Taxonomy of Educational
Objectives, Handbook I: Cognitive Domain must be
granted by Longman, Inc., Copyright @ 1956.

Like other taxonomies, Bloom's Taxonomy is assumed

to be hierarchical, with learnings at higher levels

being dependent upon the attainment of prerequisite

knowledge and skills at lower levels. These features

of the Taxonomy will be discussed and illustrated in

the text that follows. We will begin our discussion of
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the Taxonomy with a description of the fir'c level- -

knowledge.

Knowledge

Knowledge is the catego'cy that emphasizes

remembering--either by recall or recognition. An

example of a recall operation is a fill-in-the-blank

exercise and an example of a recognition operation is a

multiple-choice exercise requiring the recall of

information previously encountered. Both of these

processes involve the retrieving of information or

facts that are stored in the mind. For the most part,

the information retrieved is basically in the same form

as it was stored.

For example, if an elementary science teacher

teaches the students on one day that Stanford

University is the site of the world's longest linear

accelerator, then an appropriate Knowledge-level

question to ask on the next day would be "What is the

site of the world's longest linear accelerator?" In

answering this question, the student would be

attempting to remember the knowledge in basically the

same form as it was learned. Other situations

involving Knowledge-level activities include memorizing

data, remembering the steps to follow in making a
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chemical test, and answering true-false and matching

questions on a test.

Knowledge-level objectives have as their primary

focus the storage and retrieval of information. In

answering a Knowledge-level question, the student must

find the appropriate signals in the problem that will

most effectively recall the relevant knowledge stored.

In the Knowledge category, the student is not expected

to transform or manipulate knowledge but merely to

remember it in the same for as it was presented.

Knowledge-level activities may consist of:

1. Recall of specific facts or bits of

information (for example, What is the speed of light?).

2. Recall of terminology or definitions (for

example, What is a proton?).

3. Recall of conventions or rules of usage (for

example, How do we graph rate/time/distance problems?).

Teachers generally recognize that the Knowledge

category forms the basis for the other categories. In

fact, teachers overuse this category. Studies have

indicated that the majority of science teachers (and

textbooks) formulate most of their questions (both in

class and on tests) at the Knowledge level.

1.2.0
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Consequently the thought processes of the students (and

the teachers) are kept at very low levels. Perhaps

this is why so many young people find science to be

boring and nonchallenging. But, science does require

the knowing of it before it can be used more

creatively.

Comprehension

The Comprehension category emphasizes the

transforming of information into more understandable

terms. Like all categories above the Knowledge level,

the Comprehension category is used to emphasize ways of

handling information that has already been stored.

Comprehension activities require students to

demonstrate an understanding of the material through

some type of manipulation or altering of the material

before answering a question. The distinction between

manipulation and recall is important. Knowledge-level

questions require recognition or recall by the student

("Where have I heard or seen that before?").

Comprehension-level questions require the student to

assemble various ideas and modify them in some way

before giving an answer. The comprehension or

understanding may be evidenced by oral, written,

pictorial, or com,rete presentations.

L L.
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The basic idea behind the Comprehension category

is to get students to under .stand the material and not

just to memorize it. This active attempt to understand

material thus makes this category one step higher than

Knowledge. (An example of the difference between the

two would be the difference between reciting the Carbon

Dioxide Cycle and understanding what the words mean.)

However, unlike some of the higher categories, the

Comprehension level does not ask students to extend

information but merely to integrate it into their own

frame of reference.

A Comprehension-level question requires a greater

degree of active participation by the student. In

responding to a Comprehension-level question, the

student must somehow process or manipulate the response

so as to make it more than simple recall. This

distinction is important from a learning-theory point

of view. That is, material that students rephrase into

their own words, or that they organize to "make sense"

personally, will likely be learned more quickly and

retained longer.

While it might seem that the comprehension level

is one simple step "up" from the knowledge level, it

must be realized that the step is a very large one.
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Raymond S. Nickerson (]985) presents persuasive

evidence that to master physical sciences concepts, it

is understanding that separates those who truly master

physical science and those who do not. Understanding

may be the key to all other elements of the cognitive

taxonomy. If we accept Nickerson's premise, then

science teaching in the elementary school must strive

for pupil understanding. This has great implications

when one considers that on a national level science is

virtually "read" with little if any hands-on

experiences provided. Much of the content in

elementary school science is presented to know, not to

understand. To understand science, the pupil must be

allowed to interact with the concepts and apply them.

You cannot teach three or four science concepts per

day, as is the case in nearly all leading textbooks now

in print.

Below is a mixture of science learning objectives

and questions, written at the comprehension level.

1. Compare the metric and English systems of

measuring temperatures.

2. What similarities are there in the metric and

English systems of measuring temperature?



3. Compare chemistry as we know it now to its

early roots of Alchemy.

4. What differences exist between density and

mass?

5. Describe orally in your own words what an ion

is.

6. List your laborato':y findings in a table, then

write a short summary of what the data mean.

7. List three common household acids and three

bases.

8. Name two subsystems of the larger biotic

system.

9. Describe the kinetic theory in your own words.

10. Give an example of relativity that can be

observed while riding in a moving vehicle.

Application

The application category, as the name implies,

involves using information to arrive at a solution to a

problem. In operating at the Application level, the

student typically is given a problem that is new to him

or her and must apply the appropriate principle (method

of solving the problem) without having to be prompted

regarding how to resolve the problem. Also, the

student must know how to use the proper method once it

11 '1
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has been chosen. When the teacher evaluates an

Application problem, he or she should check both the

solution and the process. Both of these are important

subcomponents in the Application-level problem. If the

problem has been gone over the day before in class, the

task for the student would involve mere recall, thus

making it a Knowledge-level activity.

Operations at the Application level can be

visualized as a two-step process. In the first step of

the process, the student encounters a problem that he

or she has not seen before and recognizes it as a

subset or type of problem solved before. Note that we

have used the words subset and type rather than same

with the problem encountered before. The novelty or

originality of the problem is an essential

characteristic of an Application-level problem.

During the second step of solving an Application-

level problem, the student selects an appropriate

solution and applies it to the data at hand. This

solution can consist of an algorithm, a formula, an

equation, a recipe, or a standardized set of procedures

for handling a specific type of problem. Examples of

the Application level follow.
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The formula for density is weight (or mass)

divided by a unit volume, or D = M/V . At the

knowledge level, the student would simply recite the

formula. At the comprehension level, students could be

asked to put the formula into their own words. To

determine if students are at the application level, a

teacher would provide data about materials and require

that students compute these data in the correct format.

The data would be new to the student.

One may ask, "Is this not simply comprehension?"

No, because the students are going beyond a basic

understanding. For example, to solve a density

problem, a student might have to understand eight

separate concepts or tasks (weighing, measuring,

computing two dimensional and three dimensional

measurements, computing volumes, defining the standard

unit of measure, using data correctly and solving the

problem.) To apply the formula correctly is

comprehension. To work it with data seems to meet the

criteria for application.

When students assemble or create scientific models

to be a replica of the "real thing," they are applying

knowledge.
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A few examples of performance objectives written

at the application level follow:

1. Detect evidence of interacting systems.

2. Predict the relative rates that the gears

will turn by using interacting wheels.

3 Interpret the dissolving of a material in a

liquid.

4. Predict objects that will interact at a

distance.

5. Create a relative motion illusion by

constructing a "flip book."

6. Determine the variable of quantity of salt

needed in a solution to hatch brine shrimp eggs.

7. Make a simple limb graft on a tree.

8. Predict whether or not there will be a change

in the developmental sequence of tadpole eggs.

9. State on hyr thesis about the relationship of

lengths of pendulums to their swing--amplitude.

Analysis

Application involved the bringing together of

separate components to arrive at a solution. Analysis

involves the converse of this process in that complex

items--such as systems, written communications,

organizational patterns, or machines--are taken apart



and the underlying organization behind them is

explained. The emphasis in Analysis-level operations

is on explicating how the varioue parts of a complex

process or object are arranged and work together to

achieve a certain effect. Another common kind of

Analysis question offers an example of reasoning and

asks the student to judge whether or not it is logical.

Yet another type of Analysis question asks the student

to discover the personal motives behind a

communication.

Analysis is probably most related to the

Comprehension and Evaluation categories. Comprehension

involved finding similarities and differences and

making comparisons. Basically the task at that level

was to show relationships that could be discovered by

understanding the communication itself. Analysis,

however, goes beyond understanding a communication and

involves being able to "look beneath the surface" and

discovering how different parts interact. In this

sense, Analysis builds upon Comprehension, but goes

beyond it. Analysis involves working backwards, taking

a situation or event and explaining how all the parts

fit together to give a total effect; Comprehension, on
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the other hand, primarily involves describing what that

effect is.

Some science analysis activities follow:

1. After listening to a debate on evolution vs.

creationism, the student will identify the differences

in major research evidence presented by each proponent.

2. Given a model of an ecosystem, the student

will explain the relationship between two subsystems.

3. What are the implications of genetic

engineering?

4. Why did the USA build the first nuclear bomb?

5. List the unstated assumptions in the ionic

theory.

6. Distinguish the facts, and assumptions from

the hypotheses in the evolution arguments.

7. How do pulleys and simple levers relate to

each other?

8. Given a set of 20 different leaves, design a

pattern that would encompass all their shapes.

9. How does plant ad.,tation lead to change.

10. Given a "dye" solution, determine the number

of separate colors in it by using a chromatography

technique.
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Synthesis

A Synthesis-level operation entails the creative

meshing of elements so as to form a unique new entity.

Because of the emphasis on creativity, the Synthesis

category may be the most distinctive and one of the

easiest to recognize. Synthesis is the process of

combining parts in such a way as to constitute a

pattern or structure that did not exist before. A

resaarch paper can belong to either the Application or

Synthesis category, depencing upon the level of

originality. If the paper is comprehensive and

thorough but does not add anything to the topic that is

nct already there, we consider the writer to be

operating at the Application level. However, if the

writer puts ideas together in new or unique patterns or

creates new idea configurations, then we consider this

to be a Synthesis-level activity.

This category probably stimulates the most

creative behavior. In fact, by definition, the

Synthesis category requires the creation of something

unique, a product of the individual and his or her

unique experiences. Consequently, the whole of the

creation is more than just the sum of its parts; the

parts are held together in a unique combination--the

130
118



whole. This is not to say that every Synthesis

operation must be a work of art. A second grader

writing a poem can be working at the Synthesis level.

What is important in this case is that the second

grader is translating a unique experience into poetic

expression.

Because the emphasis is on creativity, operations

at the Synthesis level are usually difficult to grade

objectively. Thus the teacher must use more subjective

judgment in evaluating Synthesis operations. The

teacher must also be cautious about stifling

creativity. Maximum leeway should be allowed for

creative expression if creativity is to be encouraged.

Benjamin S. Bloom et al. (1956) differentiate the

various subcategories of Synthesis according to

product. In one subcategory, the product or

performance is a unique type of communication. An

experiment is an example of this subcategory. Here the

scientist is trying to communicate certain ideas and

experiences to others and does this through the

selected techniques. Typically, he or she is trying to

perform one of the following functions: to inform, to

describe, to persuade. In doing this, a scientist is

attempting to achieve a given effect. The particular

I4
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experiment used, together with its forms and

conventions, is selected to convey certain ideas and

experiences optimally. The product or outcome of the

Synthesis operation can be considered unique in at

least two respects. First, the author has considerable

flexibility in communicating the idea and uses this

flexibility to create a product unlike any others.

Secondly, the product is evaluated partially according

to its uniqueness; thus, students are encouraged to add

their own personal contributions to the product.

The second subcategory of the Synthesis level

involves the deieloping of a plan or proposed set of

operations to be performed. Bloom et al. illustrate

this subcategory in Table 3-2. Note that all of these

operations result in the creation of a tangible

product. This tangible product and the quality of it

may be judged independently.
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TABLE 3-2 Synthesis Operations Involving the
Developm-ent of a Plan

Proposed Set
of Operations

Process--i.e.,
carrying out the Expected
set of operations Outcome

Plan for an
experiment

Carrying out the Experimental
experiment findings;

probability
statement

A teaching unit Teaching Changes in
behavior

Specifications Building the house The house
for a new house

Examples of Synthesis objectives for science follow:

1. Propose models to explain selected

observations of simple electrical systems.

2. Using a magnet, iron filings, and a piece of

paper, create evidence that a magnetic field exists.

3. Using a collection of 20 different buttons,

create a taxonomy that will allow each to be

individually categorized. (Could also be comprehension

or application.)

4. Devise two ways to test the hypothesis

suggested in the text.

5. Given a set of data, observations and

techniques, prepare an hypothesis to explain the

results. (Could be analysis.)
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6. Evaluate a proposed model by interpreting the

provided evidence, making predictions and suggesting

experiments co test the predictions.

7. Verify the hypotheses about the gases that

plants produce and use.

8. Predict the amount of ice that will be melted

by water of a specified temperature. (Could be

comprehension, application or analysis.)

Evaluation

The Evaluation category involves making decisions

on controversial topics and substantiating these

decisions with sound reasons. Creativity is to

Synthesis as judgment is to Evaluation. Evaluation

questions ask the students to state what they think and

what their opinions and judgments are and to give the

criteria on which these thoughts, opinions, and

judgments are based. Evaluation involves the use of

standards for appraising the extent to which

particulars are accurate, effective, economical, or

satisfying. To qualify for this category, the student

must: (1) set up appropriate standards or values; and

(2) determine how closely the idea or object meets

these standards or values.
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The Evaluation category projects the Analysis

category into another dimension. In addition to

analysis, an Evaluation question also requires that

some type of value judgment be made. The criteria for

judgment must be clearly stated and the quality of the

Evaluation response should be graded according to how

well the student has net the criteria. Because

Evaluation is assumed to be the highest category in the

Taxonomy, it demands the incorporation of all the other

levels in responding to a situation or event. The

Evaluation category requires the student to make

reasonable judgments, to have rational opinions or

personal reactions to a stimulus and to defend them in

a logical and coherent fashion.

Though the Evaluation process is subjective to the

extent that the student chooses the criteria, emphasis

should still be placed on rational, well developed,

rather than emotional, responses. This prepares the

student for numerous situations in later life in which

this type of response will be needed.

An Evaluation response should consist of two

parts:

1. The student should establish criteria on which

to base judgment.



2. Using the prescribed criteria, the student

should make his or her judgment accordingly.

Examine the following five evaluation questions or

statements.

1. To what extent should the United States spend

most of its energy research dollars on solar or

alternative sources of energy?

2. To what extent should the United States relax

its clean air standards to stimulate employment?

3. As the United States develops new drugs,

medicines and food production techniques, we should

keep them secrets so that the rest of the world will

rely on our scientific leadership.

4. Our environmental concerns are causing the

United States to lose its productive capacity to other

nations in the world.

5. Creationism should be given equal textbook

treatment with evolution in all school textbooks.

Note that in each of the above there is some

subjective or even creative element associated with

evaluation. The critical point for science teaching is

to stress the criteria by which the judgment is being

made. Opinions are not valid without supporting

evidence.
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Quite obviously, values--personal, cultural,

social--are all expressed through evaluation. For

example, abortion is a medical technique. Yet, to some

people this is not a medical issue, but a religious

one. To others, abortion is a political or personal

decision. More will be discussed about controversial

science issues. What is critical now is that you know

where these problems fall on the cognitive taxonomy.

The teacher should expect several different

responses to the same Evaluation experience, because

students have varying value orientations. For this

reason, the teacher can use Evaluation questions to

help students to learn to live with and accept the

different views of others, thus preparing students for

life in a pluralistic society.

Thus the teacher poses and Evaluation question by

asking the student to take a stand on some issue.

Questions such as "What do you think is best/worse

more/most important?" serve to elicit Evaluation

responses.

The Cognitive Taxonomy: A Critical Analysis

Bloom's Taxonomy has been used as an educational

tool to analyze instructional practices since 1956, and



an evaluation of the Taxonomy with respect to classroom

use and other related research seems appropriate. Such

an evaluation would point out not only the validations

and uses of the Taxonomy but also its limitations.

On the positive side, the Taxonomy has gained

nearly universal acceptance in the teaching profession

and has proved to be a usable tool for science

curriculum development and instructional and evaluative

planning. On the negative side, studies have raised

critical questions about the structure and organization

of the Taxonomy, which have not been answered with

either rebuttals or modifications.

The great majority of reported research studies on

the Taxonomy involves articl' vocating or

illustrating the application the Taxonomy in the

classroom. The significance of such positive research

and such encouraging articles is that they indicate a

generally high level of awareness and acceptance of the

Taxonomy by teachers. Because it was formulated by

educatcrs as an "educational-logical-psychological

classification system," the Taxonomy has demonstrated

great -laptability to many current educational

practices.

133
126



Uses of the Taxonomy

The cognitive taxonomy has at least eight main

uses by elementary science teachers.

1. Teachers can sequence their learning

objectives and activities so that this is a gradual

progression of intellectual and process skills.

2. Laboratory activities can be planned and used

that reinforce the specified learning.

3. Standardized tests can be analyzed to

determine their level of testing and how those levels

compare to the tests given to children in various

grades, especially in science and social studies.

4. Textbook content can be analyzed to determine

the general intellectual levels being stressed by the

authors.

5. Questions :-wing asked by the teacher and

students can be categorized using the six main levels

of the taxonomy.

6. Programs that are designed for gifted students

can be analyzed to determine at which levels most of

the experiences are focused.

7. Complex scientific concepts can be subdivided

for presentation so that students may progress through

a series of cognitive processes.
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8. Highly complex or difficult science concepts

might simply be postponed for later years if the

prerequisite skills are beyond the developmental level

of the children.

Formulators of the Taxonomy hypothesized that

different types of thought processes (transformations)

occur in a student's head when asked "Who discovered

nuclear chain reactions" than when p..ked "How would

history have been changed if Germany in 1939 had

discovered nuclear reactions rather than the United

States?" The answers (products) given by students are

different for each of the questions and reflect varying

cognitive processes and require a great amount of

knowledge. Obviously, this is inferential evidence,

since we rally do not know what is going on in the

brain.

Ask yourself this question: "How could my science

classes be made better through the application of the

principles presented in the taxonomies?" If you can

become more systematic, analytical, and evaluative,

then we have attained one of our goals.

It would be incorrect to conclude that all three

Taxonomies have been totally validated. We really do

not know if there is such a construct as a Taxonomy of
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Life's Great Moments. What is important to teachers is

that there are systematic methods by which to plan and

structure the science activities that are most often

associated with schooling. Knowledge of the existence

of these Taxonomies allows for thoughtful and

systematic science curriculum construction, which we

believe would do much to improve instruction.

We readily conclude that far too many educators

give only a cursory glance at the Taxonomies. Many

teachers are unaware of their value, while others

simply are uninterested in understanding the

relationships that may exist in any cognitive area of

study.

We submit that if the Taxonomies were applied to

their optimal use, there would be far more cognitive

success in the schools of the world; students would be

more serious about their studies and would enjoy them

more; and physical education would be supported for its

own sake rather than considered merely an adjunct of

athletics.

Our aim is to provide you with a better

understanding of the decisions that are made by great

teachers. By understanding the potentials of the

Taxonomies, you will be adding one more tool to your
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"bag of professional skills," and probably improve

science education along the way.

Post Script

Traditionally. science teachers are chided to

raise the level cf instruction above the knowledge

level where virtually all teaching takes place.

However, we submit that Nickerson (1985) has provided

some evidence and a basic argument that illustrates the

critical importance of stressing the comprehension or

understanding level. Science is a conceptually

organized discipline. In many cases, the concepts as

determined by empirical testing do not logically fit

into a child's scheme of reality. Even so, teachers

tend to race through a textbook to finish it, without

realizing that the students have a very fuzzy notion of

what they have learned. Thus, if we want children to

understand science, we must provide more time and

concentration at this intellectual level.

Understanding precisely how a phenomenon takes

place and under what conditions requires far more

hands-on science than we in American schools are

willing to devote. As was noted in Chapter 1, studies

tend to show that science is taught less than one hour
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per week in early grades and perhaps as much as 90

minutes per week up to grades six or seven. We assert

that it is impossible to teach for comprehension or

understanding in all but a few basic concepts under

that time constraint.

To apply knowledge of science takes more time.

Thus, we submit that a major goal for elementary

science should be focus on the levels of knowledge,

comprehension and application in elementary science

teaching. Japanese teachers will often spend several

hours or even a full day to teach some concept to

insure that children understand it.

This goes far beyond that horrid technique that is

often observed when a teacher naively asks, "Is there

anyone who doesn't understand?" Of course not, no

self-respecting child will show ignorance by reaching

for that bait. We condemn the above questioning

technique. In its place we recommend actual drill or

practice on questions where correct responses would

indicate understanding, or better yet, use of

activities to enhance and reinforce understanding.

Yes, this will take more time. Yes, we know that

other subjects are being taught. But, if we are to

provide significant educational experiences to youth,
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we must teach for understanding. Understanding a

concept may even enhance student creativity in science.

Adult problem solvers understand their fields and can

easily apply principles. (Watch a mechanic who

"trouble shoots" a problem with a car.)

Teaching to comprehension will have a high

intellectual "pay off." Learners will enjoy science

even more than current studies show, and we will

encourage more adolescents in high school to enroll in

more science courses.

As a nation, we need children who know how

something happens and why. Instilling that habit of

learning will pay great dividends in the future

generation of knowledge and the advancement of the

human condition. This is a critical challenge to all

elementary teachers of science. But, it is one that

must be met if science education is to add to the basic

enculturation of our youth.
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CHAPTER 4

QUESTIONS AND TEACHING SCIENCE

The single most common teaching method employed in

the schools of America and, for that matter, the world

seems to be that of asking questions. It may have

formally started with Socrates, but the practice still

remains first on the list of teaching strategies of all

scientists--and science teachers. Therefore, it is

important for you to master the logic and application

of questioning as you develop your capacity as a

competent science educator.

Formulating Meaningful Questions

If you are to teach logically, then you must be

cognitively aware of the process of framing questions

so that student thought processes can be guided in a

most skillful and meaningful manner. Implied is that

you must design questions that nelp students attain the

specific goals (i.e., performance objectives) of any

partic'ilar lesson sequence. While textbook and

examination questions contribute to the learning

process, most questions that occur when teaching

science are verbal and teacher formulated.
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Although questioning is an important instructional

strategy, it appears that teachers seemingly have

mistaken the quantity of questions for quality.

Researchers have reported that some teachers ask as

many as 150 questions per class hour. To accomplish

such a feat, most of the questions would have to be

fact oriented (or very low level). While teachers

stress that thinking is important, their questions do

not reflect that emphasis.

There are several reasons teachers support the use

of so many fact (low-level) questions. One rationale

proposed by many teachers is that students need facts

for high-order thinking. This is a cogent point, but

there are additional ways to teach facts, such as

computer-assisted instruction. Teachers also

apparently overuse fact questions because they lack

systematic training in the use of questioning

strategies. The rush "back to basics movement" has

caused curriculum material ro stress the lowest

possible cognitive level--facts. Low level curriculum

causes low level questions. Studies conducted by D.C.

Orlich and colleagues revealed that when teachers are

trained in questioning, the frequency with which
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higher-level questions are used in the classroom goes

up significantly.

Another reason that teachers have tended to ask so

many low-leuAl questions is that, until recently, they

have lacked an easy-to-use system to organize and

classify questions. They have also lacked a means of

evaluating the effect that different questioning

techniques have on the learning process. This is where

Bloom's Taxonomy (1956) can be of use. A majority of

textbook authors use Bloom's Taxonomy to evaluate the

potential for critical thinking in the classrcom. This

question classification system is based on the type of

apparent cognitive process required to answer the

question. Benjamin S. Bloom and associates use six

cognitive categories to classify questions: knowledge,

comprehension, application, analysis, synthesis, and

evaluation. The thinking processes involved in this

model progress from the simplest (knowledge) to the

most complex (evaluation).

Each higher cognitive process probably includes

all lower cognitive processes. For example, if a

teacher asks an evaluation question, the student will

normally use synthesis, analysis, application,

comprehension, and knowledge to answer the question.
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Again we caution: When building skills and concepts,

you may have to devote large blocks of time to

knowledge or level-one objectives and questions.

But we urge that you then begin to build kepward.

If teachers emphasize low-level questions when it is

high-level questions that stimulate thinking and

evaluating, then we may have discovered one of the

basic reasons why students find science boring.

Although the evidence is somewhat inconclusive,

there does appear to be a direct relationship between

the level of questions asked by the teacher and the

level of student responses. Further, it appears that

if a teacher decides to raise her or his expectations

for the class ;Ind systematically raises her or his

level of questioning, then students tend to raise the

level of their responses accordingly. Of course, this

implies a carefully planned questioning sequence that

would probably span several weeks of instruction.

Tips for the Teacher

The implications of the above for teacher decision

making are many. First, if you want your students to

develop higher levels of thinking, to evaluate

information, to achieve more, and to be more
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interested, you must learn to ask higher-level

questions. Second, you must encourage your students

to ask more questions, and more thought-provoking

questions, if you desire greater student involvement

in the process of learning. An example of one form

that you can use to evaluate questions is shown in

Figure 4-1. The form as presented is 'father detailed,

but you can abbreviate it so that it fits on a 3" x 5"

card. The appropriate categories could be summarized

on the card and then tallied as V- y are generated--in

the classroom! Or you could tape-record a class

session, and then tabulate the questions during a free

period. After establishing a baseline rate, which

would represent the percentages for the various

categories during a specified science period, you could

then devise a change strategy to improve any specific

cognitive-skill-questioning area.

Another important implication for those of you who

desire to stimulate critical thinking is that you

should be aware of the advantages and disadvantages of

your science textbooks and other printed materials. To

obtain the objective desired, you will usually have to

supplement the materials provided. One trick to use to

develop student comprehension is to ask them to make up

150
138



two questions about sore passage ire the science text or

about the data that they collect in some related

activity.

Key
% of Total

Expected Cognitive Concepts Simple Phrases Tally Questions
Category Ac ivity Tern and Questions Column Asked

1. ftermeeberong Student recalls or recognizes ,weary, 1. what do the ch.rts shoe?
(Knowledge) information, Ideas, and knowledge, 2. Define....

principles in the appro.:mate repetition, 3. List the three....

form in which they were description 4. Who invented...?
learned.

2. Understanding Student translates,

(Comprehension) comprehends. explains data

and principles in her of

his own words.

explanation, 1. Explefi the....

comparison, 2. Met on you conclude...?

illustration 3. St in your own words,

3. Solving Student selects, transfers, solution, 1. If you know A I I, how
(Application) end uses data and principles application, could you determine C?

to complete a problem task convergence 2. What would happen if...?
with minimum of directicms.

4. Ana.yzinil

(Analysis)

Student distinguishes, logic. 1. What was the purpose of?

classifies, end relates tho induction t 2. Does that follow?

assumption*, hypotheses. deduction, 3. Mich are observations.

ev.dence, conclusiccii, and forms( and which are inferences?

structures of a statement of reasoning

a question with an .aremem

of the thought processes bolos

used.

5. Creating Student originates, divergence, 1. Make up....
(Synthesis) integrates, and combines productive 2. Mist would you do if/

ideas into a product/plan thinking

that is new.

6. Judging Student appraises, assesses, judgment 1. For what reason
(Evaluation) Or criticizes on the basis of selection would you favor...?

specific standards and

criteria.

TOTALS 100%

Figure 4.1. Classroom *Question Classification Method for Selene* Teaching



In teaching science you will realize that high-

level questions demand more science activities. In

addition, you will find yourself reducing the number of

"right answer" questions, with a concomitant increase

in the number of open-response questions. And this is

just what you want to do!

Applying Three Strategies

The preceding discussion should have given you a

better appreciation of the role that questioning plays

in stimulating student achievement in science, as well

as of the crucial effect that your questions have in

encouraging higher-level cognitive processes in your

classroom. As an operating procedure it can be

generalized that the type of questions you asy will be

viewed by the students as indicating the types of

learninas that are important.

For your convenience, all science questions- -

whether asked by teacher or student--might be

classified into three categories or patterns:

(1) convergent, (2) divergent, and (3) evaluative.

Convergent Questions

As the term denotes, the convergent questioning

pattern focuses on a rather narrow learning objective
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and utilizes questions that elicit student responses

that converge or focus on some central theme.

Convergent questions for the most part elicit rather

short responses from students--e.g., "Yes" or "No" or

very short statements--which tend to be at the

knowledge or comprehension level. The use of the

convergent technique per se is not to be construed as

being "bad." There are many situations in which you

might desire the students to demonstrate a knowledge of

specifics, and thus lower-level questioning strategies

would be most appropriate.

For example, if you use an inductive teaching

style (proceeding from a set of specific data and

aiming for student conclusions) then you utilize a

large proportion of convergr-,t questions. Or you may

wish to use short-response questions as warm-up

exercises by which to open, close, or break the

monotcny of the traditional classroom, perhaps using a

"rapid-fire" approach. This technique would be most

appropriate where you are building vocabulary skills;

keep in mind that much of science is initially learning

a kind of foreign language.

The use of a rapid-fire convergent technique also

allows for participation by a very large number of



students as you focus on specific learning objectives,

skills, terminologies, or solutions to easily solved

activities having a specific "answer."

Below is a list of convergent questions. Note

that these questions all meet the criterion of focusing

the student responses on a narrow spectrum of possible

options, and that responding students will rely on

simple recall more than analysis.

1. How could heating a tin can with a little

water in it and then capping it possibly cause the can

to collapse?

2. Under what condition does water expand?

3. What effect does acid have on blue litmus

paper?

4. Where do you find the tallest dandelion

plants?

5. What are the Van Allen Belts?

Patterns for Divergent Thinkina

Divergently oriented questions seek responses that

lead to a spectrum of responses. Divergent questions

also elicit longer student responses.

When the results of experiments or science

activities are being discussed and you want to elicit

1 4
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a wide array of student responses, divergent types of

questions are appropriate because multiple responses

almost always occur. You can capitalize on this by

asking a question that can be answered with multiple

responses, calling on three or four students in turn,

and then assuming a passive role in the discussion;

'-his, as you know, is a rather sophisticated strategy.

And because divergent questions generate a multiplicity

of responses, you must be prepared to accept all

student responses, to allow or encourage novel

solutions and creative responses.

One technique that will aid you initially in

framing divergent questions is to write the questions

on paper prior to asking them. In this manner you can

examine them to ensure that they are clearly stated and

convey the precise meaning you intend. The first time

you use divergent questions, you may find the class

experience rather difficult or even disappointing.

Because many teachers still devote the majority of time

to the oral recitation of very low-level learnings,

students may not be conditioned toward providing

responses that are longer and/or that result from

higher-level thought processes. It takes a good deal

of reshaping of student behavior patterns to elicit

tit)
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proper student responses through divergent questioning

techniques. But alert the students that the questions

will be varied and have patience. By using divergent

questioning you will soon discover that your students

are dealing in the higher-level thinking categories of

the cognitive taxonomy--i.e., application, analysis,

and synthesis.

Science by its very epistemology--the verifiable

experiment or activity--automatically creates diverse

sources of information. Use those sources to create

wider viewpoints in the class. Below are selected

questions, adapted from the list previously presented

as convergent questions, that may now be classified as

divergent.

1. Why are structures collapsed when tornados

pass by them, but do not hit them directly?

2. What would happen if water contracted rather

than expanded when it froze?

3. How many ways could you test to determine if

you have an acid or a base?

4. How does the environment affect the early

development of young dandelion seedlings?

5. Why would one want to know about the Van Allen

Belts?

1 6
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6. If we exhaust the nation's petroleum resources

within 10 or 20 years, what will be the impact on our

standard of living?

7. List as many alternative fuel sources as you

can, other than gasoline or oil.

The Evaluative Questioning Pattern

The third basic pattern of questioning is one that

utilizes divergent questions, but with one added

component--evaluation. The basic difference between a

divergent question and an evaluative question is that

the latter has built within it an evaluative or

judgmental set of criteria. When you ask why something

is "good" or "bad," you are raising an evaluation

question. However, because it is possible that an

evaluative question migh'. elicit nothing more than a

poor collection of uninformed student opinions, you

must emphasize the criteria by which a student gives a

judgment. These criteria should concern the

worthwhileness or the inappropriateness of an object or

an idea.

You can systematically help students to develop a

logical framework by which to establish evaluative

criteria. For example, if you ask a question and the

student replies with "Because," then you must recognize

I '.. "1t.J i
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that the student is lacking in logical perception, may

be dogmatic or arbitrary, or just does not understand

how to go about framing a logical and consistent set of

evaluative criteria. Once again, we caution you not to

use sarcasm or any other put-down technique; the

typical teacher comment that "You're not being logical"

gives the student no basis for improvement whatsoever.

Take a positive approach and reinforce the student by

providing examples that yield a logical development of

evaluative criteria. Provide a specific set of

criteria or specific items so that the student develops

his or her own specific set of criteria. In this

manner, a student will understand why value judgments

and opinions are being held.

Observations tend to verify that as evaluative

questions are presented and student responses elicited,

the teacher and the students tend to classify the

evaluative responses along some type of continuum

ranging from "bad" or illogical responses to "good" or

logically developed responses. How do you classify

evaluative responses? By logical development, internal

consistency, validity, and perhaps responsibility are

son! options. In short, it is suggested that you

accept all student responses and that you discuss
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apparent logical inconsistencies that develop after the

student has had an opportunity for classroom discourse.

Following are examples of evaluative questions.

Remember, most, if not all, evaluative questions will

be divergent; the one criterion that separates

divergent questions from evaluative ones is that the

latter rely on the establishment of judgmental criteria

or the judging of the value of some idea based on other

pre-established values, criteria, or conventions. Note

that some examples previously designated as divergent

questions have been converted below into evaluative

questions.

1. Why is Newton's Third Law of Motion--"For

every action there is an equal and opposite reaction"- -

so important in our lives?

2. Why is the world a better or worse place in

which to live because of computers?

3. React to the following newspaper headline:

"Inventor Claims Perpetual Motion Machine."

4. How has the federal system of interstate

highways harmed or helped our environment?

5. Defend or reject the strip mining of coal in

eastern Montana.
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6. What criteria would be important in accepting

plate tectonics as a testable theory.

Did you realize that in discussing divergent and

evaluative questions, we have been using the term

responses, not answers? Answers carry the connotation

of being complete or the single absolute final word.

To be sure, convergent questioning patterns may elicit

student answers. However, you must recognize that when

divergent and evaluative questions are framed, the

students will be providing responses--the degree of

finality is not there.

Technical and Humane Considerations

Framing the Questions

Them use of classroom questions in a science

period, a tutorial period, cr an inquiry session is

always predicated on the assumption that meaningful or

purposeful learning activity is taking place. To

ensure that this occurs, you must ask questions in a

positively reinforcing manner. That is, questions

should be used so that the student enjoys learning and

reciting about science and will receive polite,

sensitive and positive reactions to his or her

responses.

1 60
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The basic rule for frlming a question is: Ask the

question; pause; call on a student. This rule is

grounded in the psychological principle that when a

question is asked, and then followed by a short pause,

all students will "attend" to the communication. Being

communicated is the nonverbal message that you might

ask any student in the class to respond. Thus, the

attention level of the class remains high. If you

reverse this pattern by requesting a particular student

to respond prior to actually asking the question, then

all those students who are not involved have an

opportunity "not to attend" to the communication

between you and the student. This basic type of

question framing can be used even when employing the

multiple response technique wherein you request several

students to respond.

When you develop the habit of pausing after asking

a question, you will learn not to "dread" the wait

time. Mary Budd Rowe (1973-1974) discovered that

teachers are most impatient with students when asking

science-related questions. She measured the "wait

time" of many metropolitan school teachers and found

that wait time between asking a question and either



answering the question before the student or calling on

another student had to be measured in fractions of

seconds! Is it any wonder that some students dreaded

to be called upon. They knew it would elicit impatient

and negative behaviors from the teacher. We want you

to know that classroom silence is not bad when asking

questions and waiting for the responses.

Probing Techniques

Once activities have been concluded, a question

has been asked, and a student has been identified to

respond, there is always the possibility that the

student will not answer the question completely. This

is a common occurrence in science classes. When this

does happen, you need to move into probing or prompting

strategies that attempt to clarify the question.

Clarifying tends to help the student to understand it

better. By seeking clarification a student can amplify

the response, or elicit additional responses. In this

manner, you can verify whether or not the student

comprehends the material or not.

If a student has neither clarified the question

nor adequately amplified the response, then use a

probing technique. To do this in a positive manner,
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acknowledge the attempted response but then encourage

the student to clarify or amplify it.

Prompting

During a science discussion you must prompt

students so that an incomplete response can be

transformed into a more complete or logical response.

Basically you will use the same technique as discussed

above regarding probing--i.e., you will always aid the

student with a positive reinforcement so that the

student is encouraged to complete any incomplete

response or revise an incorrect one. In most cases the

student will respond to a question with a partially

correct response. Or stating it negatively, a student

will often respond with a partially incorrect response

in addition to a partially correct one. Immediately

upon hearing a response that fits this category, you

begin to prompt the student so that the response can be

completed, made more logical, re-examined, or stated

more adequately or more appropriately.

Handling Incorrect Responses

No matter how skillful you are in motivating

students, providing adequate and relevant instructional

materials, and asking meaningful questions, there will

be one continual problem that detracts from the
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intellectual and interpersonal activities of a science

lesson--incorrect student responses.

As was discussed previously, you can use probing

and prompting techniques when a student response is

partially correct or incompletely stated. Basically,

prompting and pring are rather easy techniques

because you can reinforce the positive aspect of the

student's response, while ignoring the negative or

incomplete component. However, when a student gives a

totally incorrect response, a more complex situation

arises. First, you have little to reinforce

positively, and such teacher comments as "No" or "That

is incorrect" act as negative reinforcers which,

depending on the personality of the student who

responds, might reduce her or his desire to participate

in science discussions or recitations. Second, if you

respond very adversely to an incorrect student

response, there is a high probability that the "ripple

effect" will appear. Jacob S. Younin (1970), who has

so described this effect, demonstrates that students

who are not themselves the target of the teacher's

aversive strategy are, in fact, affected by what the

teacher does to other class members.

152



What, then, can you do? Since the entire approach

to this method is to stress the positive, the first

decision you might make is whet13r any portion of the

student's verbal response cay be classified as valid,

appropriate, or correct. Following this "split-second"

decision-making, you must then provide positive

reinforcement or praise for that particular portion.

When an incorrect student response provides no

opportunity for positive reinforcement, you might

attempt to move to a neutral probing or prompting

technique. For example, you might state, "Your

response is in the magnitude of the answer," or ,

"Could you tell us how you arrived at your ar.wer?"

Note that none of these responses is totally negative,

but can be considered as neutral, as they are not

positive either.

Concept Review Questions

As you begin to develop confidence in using

various questiu.ling techniques, it becomes necessary

for you to review in a most efficient manner those

previously learned science concepts and to relate or

theta to knowledge that will be generated at a

later date. In most cases, teachers tend to schedule a

review prior to a summative evaluation. "Review
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Thursday" tends to be an ineffective use of student

time in that the, vast majority do not need the review,

and for those students who do, such an oral exercise is

usually fruitless in expanding their intellectual

understanding of whatever it is that the teacher

desires.

How can you review previous concepts while

conducting questioning strategies? One successful

method is to repeat concepts discussed previously but

in the context of newly presented material. For

example, if you are progressing through a unit on

electrical currents and the topic of batteries has

already been covered, and a related topic--e.g.,

chemical reactions that produce energy--is being

studied, you begin to ask questions relating to

batteries cheir chemical reactions. It's that

simple.

The concept review technique requires that you be

always on the alert for a teachable moment that will

allow a meaningful review to be established, a previous

concept to be reinforced, or a synthesis of knowledge

to take place, thereby creating one more motivational

factor for the class.
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Encouraging Nonvolunteers

With most science activities, you will have no

problem encouraging students to respond to questions or

to present their findings to the class. But what are

some helpful strategies in motivating nonvolunteers to

respond verbally during a questioning session?

The first technique is to maintain a highly

positive approach toward the student. Once the

nonvolunteer has responded appropriately, there should

be positive feedback to encourage the student to

continue such behavior. Another technique is to ask

rather easy evaluative questions since most students

respond to questions that concern judgments, standards,

or opinions.

Another method that can be used to increase

nonvolunteer participation is to make a game out of

questioning from time to time. Place each student's

name on a card so that you can draw the cards at

random, thus creating a condition where every student:

could be called on to recite.

There is nothtng wrong with giving known

nonresnonding students a card with a question on it the

day before the intended oral recitation period. Very

quietly hand these students a card and tell them they
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might check over the assignment so that they can

summarize their responses for the next class period.

At least this methld begins to build a trusting

relationship between you and the students.

We do not condone calling on nonvolunteers for

aversive or punishment t :tics. Schooling ought to be

positive with affective consequences of "approach

tendencies" being emulated. As a general rule the most

influential means by which you can encourage a

nonvolunteer to participate is to be sincere and

genuine in treating each student as a hums being.

Nonvolunteers have learned, and probably painfully,

that it doesn't pay to say anything in the class

because the teacher will "put you down" anyhow.

Developing Student Skills in Framing Questions

The previous techniques have been oriented toward

the teacher, but there is another source of questions

that is often overlooked--the students themselves.

Classes can be organized to encourage student

communication, giving each one a chance to express

opinions and ideas; but evidence shows that teachers do

most of the talking.
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Studies have shown that (1) students can be

encouraged to ask productive or higher-level questions,

(2) the more questions a student asks per period, the

greater the probability that the questions will be at

higher levels, (3) praise will encourage and stimulate

more productive thinking processes among students from

lower socioeconomic backgrounds, and (4) students

become more involved in the classes in which they are

encouraged to ask questions.

To teach students how to frame their own good

questions, refer to the game that was first made famous

many years ago on radio, "Twenty Questions." The game

of "Twenty Questions," in which participants ask

questions to identify something, can be applied in the

classroom. You can present a problem or identify some

concept that needs to be discovered and then allow the

discovery to take place only through student

questioning. Initially you conduct the session. But

as students become more proficient at questioning

skills, then they should conduct the entire session

with you merely analyzing the various interpersonal

reactions.



J. Richard Suchman (1966) prepared an Inquiry

Development Program published by Science Research

Associates where the emphasis is on developirg student

questioning skills. Using his approach, you present a

problem to the students and then play a passive role in

the learning, responding only with a "Yes" or a "No" to

any student's question. What this means is that the

students must learn how to ask questions on which they

can build a pyramid of knowledge, ultimately leading to

a convergent response or answer, rather than simply a

series of unsystematically asked questions. When this

technique is utilized with students who have had almost

no opportunity in the classroom to ask questions, the

initial results can be rather "sad." However, you

should review each lesson and give precise and detailed

directions on how the questioning can be improved. As

one alternative, if it ,would not be too slow, you might

initially write each student's question on a chalkboard

or on an overhead projector transparency so that each

student would have visually presented those questions

that are asked by her or his peers. In this way

information and skills can be built up gradually in a

somewhat systematic manner.
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Of course, when developing s'-udent skills in

framing questions, it becomes imperative that the

students understand the logic that each question must

encompass a large category of specifics. In short, you

provide practical application to deductive logic

skills.

Another alternative to use in developing students'

skills in framing questions is to have students prepare

recitation questions based on the science data being

studied or generated from student conducted activities.

In this manner you can assign a few students each day

to prepare a series of questions for their peers. To

be sure, most students will be oriented only toward

facts since that is what is most often reinforced in

their learning. But if you are skillful in continually

reinforcing those questions that are aimed at higher-

level thinking skills and in ultimately helping each

student to prepare appropriate higher-level thinking

questions, you will gradually observe improved

questioning skills.

As a teacher, you will observe that as you begin

to encourage the class members to ask questions of each

other, there is a subtle shift of responsibility to the

class. Teachers usually admonish their charges to

1.



"accept more responsibility." We submit that it is in

the learning situations where greater responsibility

may be acquired. The latter statement implies that

responsibility is a "learned behavior" just like so

many other behaviors. As a teacher you owe it to your

students to help them become more articulate and

thoughtful individuals. What a splendid opportunity

exists by a slight shift in classroom questioning

techniques. As was stated previously, this technique

must be carefully explained to the students and then

practiced for a few class periods. You and the class

can generate a set of criteria that provides

information or rules by which the various student-made

questions are framed. Then, perhaps once a week or

more often, the students can conduct the questioning

sessions. Further, this method acts as a prerequisite

experience to student-led discussions.

Teachers with whom we have worked have all been

pleased with the results of such techniques. And, more

importantly, these same teachers were amazed at how

they underestimated the potential that existed in their

classes. We are not implying that these techniques are

simple to implement. It takes much practice and
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planning. But the attendant rewards make both teaching

and learning more worthwhile.

Teacher Idiosyncrasies: A Caution

One can speculate that all teacher behaviors that

may be associated with questioning are positive and

encouraging. After all, the teacher is assumed to need

only a few tricks and a smile to achieve instant

success. UnfIrtunately, there ace teacher behaviors

that, when used inappropriately, may interfere with a

smooth verbal interaction pattern in the classroom.

Briefly, these idiosyncrasies are: (1) repeating the

question; (2) repeating all student responses; (3)

answering the question; (4) interrupting a student's

long response; (5) ignoring the responding student; and

(6) calling on the same few students. Each of these

behaviors will be analyzed.

Repeating the _Question

A common error often made by teachers is the

regular repetition -f each question. This habit

conditions the students to catch the "replay" of the

question instead of "attending" to it originally. This

bad habit causes a loss of valuable ti:.e, is redundant,

and does not help the teacher to maintain efficient

I ..: 3
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classroom management. To be sure, there are

appropriate times to repeat questions: IA t very large

room with poor acoustics; when the question is

multifaceted; whan the question is not adequately

framed; or when the teacher is dictating a question to

the class. We do caution that beginning teachers often

have difficulty in framing verbal questions that are

understo.A explicitly by the students. In such cases,

the teacher should rephrase the question for added

clarity. Repeating a question may be appropriate when

one uses divergent questions. However, in most cases,

repeating a question should be avoided.

Read the following two sets of repeated questions

a'oud to friends or colleagues and obtain their

reactions.

Teacher: What is the majn set of criteria by which to

frame questions? In other words, what is the

main set of criteria by which to frame

questions?

Teacher: What is the atomic weight of Sodium? What is

Sodium's atomic weight? How much does an

atom of Sodium weigh?

How did they respond to the repetitious questions?

Listen to teachers or professors in oral discourses to
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determine whether or not they repeat their questions.

If you have not observed this idiosyncratic pattern,

then obtain a tape recorder, tape a simulated version

of this pattern, and play it back to a small group of

peers. We will wager that after listening to a few of

these simulated episodes, your audience will be highly

amused. This may make a creative term project for your

methods class.

Repeating all Student Responses

An equally distracting and time-wasting technique

is to repeat all or nearly all of the student verbal

responses. Not only is this a waste of time, but it

causes a class to ignore its peers as sources of

information and subtly conditions the class to wait

until the word comes from the "fount of all wisdom."

In short, students either do not attend to the initial

student response or wait for the "instant replay" from

the teacher. If the teacher is the least bit sensitive

to the building of positive student self-images, then

he or she will not want to be the center of verbal

interaction and will attempt to keep the focus on the

responding student. After all, if it is important to

call on i student and require a response, then it ought

;
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to be equally important that student statements be

given the same priority as teacher-made statements.

This general rule does not hold for large-group

sessions. Most large-group rooms or halls have poor

seating arrangements, so that the teacher must almost

always repeat student responses so that all can hear.

The same is true for students with very soft voices.

But in the vast majority of cases, there is no need to

repeat student responses. Finally, if the teacher

wishes to condition the students to pre-discussion

behaviors, then comprehension of this technique is

essential. To put it positively, by allowing students

to take cues from each other, the desired attitude will

be established, so that introduction of true

disclissions will be a logical sequence.

Answering the Ouestion

Have you ever observed or participated in a class

in which the teacher carefully frames a question,

pauses, calls on a studen.,, then quite insensitively

answers the question? First of all, this idiosyncrasy

is a morale defeater. How can students be encouraged

to think when they know that the teacher will hardly

allow them to voice their opinions? This behavior also

tends to discourage volunteers and causes students to
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be negatively reinforced. If a question is so complex

that no student can answer it, then the teacher should

rephrase it, begin prompting, or assign it as a

research project. As we mentioned earlier, Marry Budd

Rowe (1973 and 1974) found that teachers usually do not

wait for student responses or, worse yet, had "wait

times" that measured in fractions of seconds! These

findings are a heavy indictment, to say the least.

Interrupting a Student's Lona Response

One very distracting, inappropriate, and rude

teacher idiosyncrasy is to ask a question and then

interrupt the student by completing the response or by

adding personal teacher comments without attempting to

elicit other student responses. An example follows:

Teacher: What impact has the Hydrogen Bomb had on our

young persons? (Pause.) Arnie?

Arnie: Well, I sure don't trust . .

Teacher: Right, you kids really don't have the

confidence in our government. Why, I can

remember when I was in high school . .

Teachers who suffer from excessive talkativeness

frustrate students and, worse, neglect to allow them to

develop logical response systems. This interruptive



technique discourages most students from even

participating in the recitation period.

Ignoring the Responding Student

When the teacher calls on a student, the teacher

should show a courtesy to that student by attending to

(that is, listening to, or at least appearing to listen

to) him or her. After all, the teacher expects to

instill attending habi.'s in the students. This nabit

should be reciprocated during verbal interactions.

After all, how would you feel if you were responding

and observed that the teacher was gazing out the window

or counting some loose coins? We suggest that teachers

often fail to reinforce appropriate student behaviors

in the class by simply being insensitive to the

feelings of others.

Selecting the Same Student Respondents

One frequently heard student complaint is that "my

teacher never calls on me" or that "the teacher has a

few pets that are always being called on." These

statements typify the frustrations of students who

recognize partiality when they see it. The biased

teacher who calls on only a few (usually highly verbal

and successful) students is providing a negative

reinforcer to the majority of the class members, is
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making them disinterested in the subject, and causes

serious erosion of t}'e group morale.

Lest you be doubtful, let us remind you of Ray C.

Rist's classic study, which was conducted in a Chicago

elementary school. Rist (1970) observed that a teacher

in a primary grade was exhibiting great bias in the

manner in which students were selected for class

recitations. Fewer and fewer individuals were being

called on by the teacher until only a select few were

identified. To make matters worse, the teacher began

to move the responding pupils up to the frcnt seats and

the others, the nonrespondents, to the rear of the

room. Needless to say, there were tremendous

disparities between the educational achievements of the

"front rowers" and those of all the other students.

The teacher and pupils were all of the same ethnic

group, so racism can be eliminated as the basis for

bias. This may be an extreme case, but in general,

such a situation exists to varying degrees in most

classrooms.

A quick way to determine whether or not you show

bias is to ask a different student each day to list the

number of times that you call on each student. A quick

tally at the end of the week will provide the data.

1 -9'9
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It is tempting to call on students who often

volunteer and who will give you the "right" answer, so

that you will appear to be an effective teacher. But

if you wish to encouv:age all your students to be

winners, then you ought to accord them equal

opportunity to do so. One motto is fairly accurate in

this case: "Nothing breeds success like success;." If

students are hesitant about responding verbally, then

you as the teacher (who assumedly is the most secure

individual in the class) must gear the questions to

suit the individual students, so that all students can

enjoy the feeling of success and positive

reinforcement.

The Status of Classroom Questioning

The purpose of this chapter was to indicate the

functions of questions, theil u.s. as a teaching

strategy, and the effects they have on learning. Our

brief review of classroom questioning provides you with

an inLication of the apparent effects that cuestioning

techniques have on learning processes. Now as a

closing section, let's review a few selected research

studies to provide evidence for these "tips."

Although questioning is an important instructional

strategy, it appears that teachers may have mistakenly
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equated quantity of questions with quality. Amelia

Melnik (1968) found that some teachers asked as many as

150 questions per class hour.

One of the earliest studies of questions in the

classroom was done in 1912 by Romiett Ste, !ns. She

estimated that 80 percent of school time was used for

question-and-answer recitation. Half a century later,

a sample of high school teachers was found to have

asked an average of 395 questions a day, with most of

them being memory questions (Clegg, 1971).

Meredith D. Gall (1970) cited sf7eral studies in

which large numbers of questions were used by

laementary teachers--ranging from 64 to 180 questions

in one class period to an average of 348 questions

during the school day!

In Gall's (1970) excellent research paper, he

cited eight studies that spanned a period from 1912 to

1967, which all showed that questioning practices

changed little over this time.

Anether apparent reason why teachers overuse fact

questions is the lack of systematic teacher training in

the use of questioning strategies. The Far West

Laboratory for Educational Research and Development

developed a self-contained, in-service mini-course to

1 1
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improve teachers' questioning skills. The Lab program

used 16 mm films to explain the concepts and also

includes modeling, self - feedback, and micro-teaching.

The program was used with forty-eight elementary

teachers in the Far West Lab field tests, and the

results showed an increase in redirection questions

(those requiring multiple student responses) from 26.7

percent to 40.9 percent; in thought-provoking

questions, from 37.3 percent to 52.0 percent; and in

probing (that is, prompting) questions, from 8.5

percent to 13.9 percent. There was also a concomitant

decrease in the repetition of students' answers from

30.7 percent to 4.4 percent. The repetition of the

teacher's own questions decreased from 13.7 percent to

4.7 percent, and the answering of the teacher's own

questions by the teacher decreased from 4.6 percent to

0.7 percent (Borg et al., 1970).

We must note here that it is the micro-teaching

component of the Far West Lab's mini-course that allows

the teacher to practice and perfect questioning skills.

Studies by Donald C. Orlich et al., (1972, 1.73)

revealed that when teachers were trained in

questioning, the frequency of higher-level questions

used 2_11 the classroom increased significantly.

1(32
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Questions and Cognitive Effects

There are a number of research and quasi-research

studies reported on questioning. However. the most

significant study to emerge in the last decade is a

review of wait time by .:enneth Tobin (1987). Recall,

that wait time is that technique where a teacher asks a

question, pauses for at least three seconds, then calls

on a student. In the literature this is called "Wait

Time I". (Wait Time II" is the wait time afte- a

student responds before the teacher talks.)

Tobin reviewed all the published studies over a 20

year period regarding wait time. After analyzing these

studies and discussing them he listed changes that took

place in teacher questioning behaviors when they used

the techniques (as we previously de- -gibed).

In general, the teachers using wait time

technique:

1. Had less teacher talk.

2. Repeated themselves less.

3. Asked fewer questions per period.

4. Asked more questions that had multiple

responses.

5. Asked fewer lower level questions.

6. Did more probing.
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7. Repeated students responses less.

8. Asked more application questions.

9. Had some increased anxiety as they implemented

the technique.

Reflect on the above findings. They tend to

support the total method presented in this chapter.

Now, what impact did the techniques have on

student behavior? In general students associated the

use of wait time:

1. Made longer responses.

2. Had more student discourse.

3. Had fewer nonrespondents.

4. Increased complexity of answers.

5. Had more student initiated questions.

6. Had more student to student interactions.

7. Had less confusion.

8. Had more confidence.

9. Had fewer peer interruptions.

10. Had higher achievement.

Again, these findings illustrate the efficacy of

the total questioning method endorsed herein. The

results reported by Tobin almost demand that any

responsible teacher must learn the total method of

questioning.
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In an earlier study, Meredith D. Gall and

associates (1978) reported that their experiments on

questioning, recitation and learning eemed to support

the idea that recitation teaching was more effective in

promoting student learning than a nonrecitation

instructional experience lasting the same period of

time. They also noted that students learned equally

well when the teacher gave the answer to a question a

student did not know or when information was provided

by their peers. This study provides evidence that fact

questions were not harmful to the learning of higher

cognitive skills.

These results, of course, must be viewed with

reservation as the experimenters had groups of only six

students per recitation. In the groups, the teachers

used a scripted of questions so that there was

little dev 'tion from the questioning plan.

Two conclusions drawn from this study are: (1)

well-designed questions and strategies may be more

important than the level of questions; and (2) when you

work with very small groups, there is a tendency for

greater efficiency in learning.

The evidence is becoming more conclusive, there

does appear to be a direct relationship between the

(3 5
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level of questions asked by the teacher and the level

of student responses. Furthermore, it appears that if

a teacher decides to raise his or her expectaticns for

the class and systematically raises the level of his or

her questioning, then the students accordingly raise

the level of their responses. Of course, this implies

a carefully planned questioning sequence that would

probably span several weeks of instruction. The major

caution is not to jump haphazardly into high-level

questions without making the necessary teacher-student

attitude adjustments. This means that teachers must

plan for the utilization of appropriate questions just

as he or she plans for the next week's reading

assignments. (There conclusions are not entirely valid

in every case, as is shown by J. T. Dillon, 1978.)

There are some implications of these studies for

teacher decision-making. First, if teachers want their

students to develop higher levels of thinking, to

evaluate information, to achieve more, and to be more

interested, then teachers must learn to ask higher-

level questions. Second, teachers must enccurage their

students to ask more questions--and more thought-

provoking ones--if they desire greater student

involvement in the process of learning. Finally, we

1361
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should add that the type of questions to be used is the

teacher's decision.

Another important consideration for teachers who

desire to stimulate critical thinking is the use of

textbooks. Teachers should be aware of the advantages

and disadvantages of their textbook materials. To

attain the objective desired, the teacher may have to

supplement the materials provided. For example, John

P. Rickards (1976) wrote that he inserts written

textbook quest ons into the various passages being

studied, so that the students will not have to wait

until after the chapter has been read to complete the

questions.

It should be noted that you can use questions to:

(1) diagnose student progress; (2) determine entry-

level competence; (3) prescribe additional study; and

(4) enrich an area.

We re;:er you again to Meridith D. Gall's excellent

research summary (1970) for an illustration of several

systems that have been developed to classify the types

of questions that are utilized by teachers. You will

observe distinctions between the various systems, in

addition to the commonalities. Of the question

classification systems, Bloom's is apparently the most

175
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widely used. Although it is not simple to use, it does

have the advantage of being descriptive enough to allow

for in-depth analyses.

Summary

The previous review of studies that relate to

questioning is provided so that you may better

appreciate the impact that this technique has on the

learning environment of the classroom as we?: as the

kinds of studies that have been conducted. You may

wish to itemize several points that can affect your own

questioning skills. Below is a brief list of findings

that summarize the results of over a half century of

research.

1. C':estioning tends to be a universal teaching

strategy.

2. Being systematic in the use and development of

questioning tends to improve student learning.

3. By classifying questions according to a

particular system, the teacher may determine the

cognitive or affective level at which the class is

working and make adjustments as professionally

indicated.

1j58
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4. Through systematic questioning, the teacher

may determine the entry levels of students for specific

content areas.

5. A wide variety of questioning options is open

to teachers.

6. No one questioning strategy is applicable to

all teaching situations.

In addition to the generalizations that are

substantiated by research, we also have assumed that

higher-level questions demand greater intellectual

activity. The research available to date seems to

confirm that assumption. Rather than emphasizing a

"right" answer, teachers should use questions to

stimulate higher cognitive achievements and to make

information more meaningful. In the long run, the

quality of the questions being asked should be most

important. Walter Borg, one of the creators of the Far

West Lab mini-course, concluded that questioning is one

of the most essential functions of teaching (Borg et

al., 1970). If this generally accepted assertion is

valid, then teachers must achieve a high degree of

sensitivity and awareness to use questions in the most

efficacious and appropriate manner.
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If you have perceived that we are attempting to

make a "game" of science teaching, then you are

absolutely correct! Science ought to be a time in

which everyone has fun learning or at least will have

approach tendencies while learning. If science can be

meaningful and relevant, then students will enjoy

working at it. Students have approach tendencies for

those areas in which they are successful; if science is

distasteful, then it is because, for the most part,

students have been unsuccessful in science. Such an

attitude can be easily rectified by making science, or

for that matter alp subjects, sl_ccess oriented.

All of the above questioning strategies must be

considered among your tools of the trade. But learning

would soon become a very trite and boring exercise if

it were centered only about questioning. While

questions comprise an impLrtant set of teaching tools,

they are just that--tools. Each technique must be used

appropriately and must be congruent with the objective

that you have for any specified student, group of

students, car class.

Finally, you might realize at this point that the

techniques you need to apply to improve the teaching of

130
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science are some of the same that can be used to

improve all subjects.

119_4,
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CHAPTER 5

USING SCIENCE-RELATED DISCUSSIONS

The most successful elementary school teachers

tend to mix individual and small-group work. Both of

these topics have been previously introduced. Thus,

those promised elaborations emphasizing process

objectives rather than performance or behavioral

objectives now begin. The latter type of objectives

specifies exact learner behaviors in terms that

allegedly make learning observable. Nearly every

teacher in America knows how to identify, write, and

specify learning in performance terms.

However, there is yet another type of objective

that may be of equal, if not greater, importance--tY.e

process objective. A process objective requires the

learner to participate in some technique, interaction,

or strategy. Process building is much more subtle than

specifying performance objectives and requires that you

carefully plan experiences for the learners. As was

mentioned previously, the schools should develop

responsibility, a process which takes years to

accomplish and which some individuals never master.

Development of a process such as responsibility

11
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requires that the students have something about which

to be responsible. Likewise, practice. planning, and

cumulative experiences are all necessary to develop

successful processes in small-group and discussion

techniques.

It may be confusing to use process with two

definitions: (1) the 13 scientific processes, and

(2) the process objectives that relate to learner

interaction with techniques or strategies. So, to

avoid any problem with semantics, we will always refer

to the first class of processes as scientific processes

and the second classification as interaction processes.

On analysis, you will discover that the scientific

processes tend to belong to the cognitive domain of

skills, while interactive processes tend to fit the

realm of the affective domain--the attitudinal

dimensions of life and learning. Let us examine how

you can determine the status of your classroom group

and what organizational and individual developments are

necessary to use the interaction processes most

effectively.
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Organizing for Process Skills

Establishing Goals

The first requirement of conducting a successful

small-group science learning activity through either

discussion or small-group learning is the development

of a set of long-range priorities. While performance

objectives are written for the immediate interaction,

process objectives are written for the development of

skills, attitudes, and knowledge that require long

periods of time to develop. Long-range objectives are

important because, as the planner, you must identify

the skills that the learners must demonstrate before

they can approach or achieve mastery of any stated

objectives.

As an aid to your long-range planning there are

several skills that both you and the learners must be

able to demonstrate. These might initially be called

pre-discussion skills. Below is a listing of both the

order and the types of skills that are prerequisite to

conducting successful small-group discussions in

science.

1. The teacher knows how to select and ?.sk

questions in a systematic manner.
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2. Students learn to respond to divergent

questions.

3. Students learn to respond to evaluative

questions.

4. The class is subdivided into small groups to

discuss topics that require divergent and convergent

responses.

5. Students can complete committee tasks.

6. Students learn to ask questions of each other

and of the teacher.

7. The teacher identifies the needed interaction

Processes for specific individuals and for the class as

a group.

8. Small-group units are formed in the class.

9. The teacher prepares student leaders,

recorders, and observers.

10. The class is subdivided for teacher-led small-

group discussions.

11. All class members comprehend the concept of

formative evaluation.

12. The teacher and the students plan for

appropriate discussions.

13. Students learn roles for various discussion

techniques.
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14. The class is subdivided for student-led

discussions.

15. The entire class critiques and evaluates

small-group efforts.

16. The processes associated with small-group

discussions are incorporated into the ongoing

activities of the class.

On first reading, you might be overwhelmed.

Please don't be. The above 16 major tasks are easily

incorporated into science instruction, but they are

also easily implemented during social studies or

language arts lessons. The list is provided to help

you evaluate your own classroom and what needs to be

done to improve student skills through meaningful

experiences.

You already have studied, and perhaps mastered,

the art of questioning which was detailed previously.

More than likely you are already using some elements of

individualized learning such as learning centers in

your classroom. Most teachers utilize some small-group

activities, often through committees. All that we are

proposing is that you extend these tested teaching

strategies to the field of science in a systematic

manner. Let us develop the entire technique.

1 (-)8
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Using Small Groups

Small-group learning units are most appropriate

for elementary school science to increase teacher-

student and student-student verbal communication and

interaction. By using small groups, you add

flexibility to your instruction. Teachers who use

small groups report that this technique helps students

reflect a more responsible and independent mode of

learning. It is important to note, however, that you

must identify and sequence a systematic and planned set

of procedures, experiences, and objectives. During the

actual lesson, students become active participants in

the class activities, but in groups of two, four, or

six.

How do you start? To initiate small groups or

discussion groups requires that you simply restructure

the manner by which individualized work takes place.

Because most modern elementary school science programs

have an activity orientation, you can begin by

selecting an activity and then organizing a division of

efforts among the class members. Each group member

then has some specific task to accomplish--e.g., pick

up and return the science materials, make a table to

i
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record data, set up the apparatus, conduct one aspect

of the activity.

When learning activities result in more divergent

types of experiences, it is more appropriate to have

groups of four accomplish some assigned science

objective. Collecting data or preparing histograms or

tables can be difficult tasks for some students. By

using a small-group approach you can help selected

students become more competent in cognitive, affective,

or psychomotor skills.

Teachers have collectively identified at least 12

goals or purposes for using small-group or discussion

techniques in teaching elementary school science:

1. Interest can be aroused at the beginning of a

new science topic or the closing of one.

2. Small groups can identify problems or other

issues to be studied, or they can suggest alternatives

for pursuing a topic under consideration.

3. A small group can explore new ideas or ways to

solve problems, covering either the entire problem-

solving cycle or just one phase.

4. Discussions provide an opportunity to evaluate

data, inferences, sources of information, and methods

by which the data are generated.

2
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5. Small groups allow students to demonstrate

individual strengths.

6. Students often learn faster and better from

each other.

7. Students are provided an opportunity to use

the vocabulary of science in an appropriate context.

8. Cooperative work skills can be developed

through practice in small-group discussions.

9. Skills in leadership, organization,

interaction, research, and initiative can be learned

and improved through discussion techniques.

10. Ideas become more meaningful and personal if a

student experit.nces them. Flexibility in understanding

other viewpoints may be improved.

11. Discussion can provide the students (and you)

with opportunities for learning to accept and value

other ethnic and/or cultural backgrounds.

12. In a small group or discussion situation

everyone can participate and feel good about that

contribution.

After reflecting on these 12 possible outcomes

from the use of small groups or discussions, ask

yourself this question: "How many topics in my current

science program lend themselves to a discussion, based
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on those 12 potentials?" If you are uncertain, examine

your science program or textbook. Undoubtedly you will

identify several topics that can be easily incorporated

into a series of small-group discussions. Remember: A

discussion is used to accomplish an objective--either

process or content.

Now ask yourself: "What kinds of sharing

experiences do I want for my students?" You probably

responded to this question by focusing on sharing

different cultural experiences. You may have thought

about the need for students to display and share their

unique talents. No doubt you thought of the

disadvantaged and handicapped students, and of their

need to be in a supportive and sharing environment.

The two preceding questions are important because

you may be teaching in mainstreamed classes. Also you

may teach gifted and talented groups. And, of course,

you will be faced with the challenge of providing a

nonsexist, multiculturally oriented education for all

your students. By using small-group discussions you

will help your students to meet the challenge of

growing up in what may be culturally, ethnically,

physically, and emotionally different environs--the

public school.
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Developing Small Groups

Group size is an important variable because it

influences learner participation levels. To state

absolute minimum or maximum numbers to ensure

successful interaction is difficult. An optimal size

generally appears to range betw3en four and eight.

When four or fewer students are involved in a

science discussion group, there is a tendency to "pair-

off" rather than interact. Conversely, the likelihood

that all students will participate decreases when the

group number approaches 12. With larger numbers--e.g.

15 or more--a few students tend to remain very

interactive, a few somewhat interactive, and the great

majority silent or passive. It seems appropriate to

subdivide groups of 12 or more into groups of six to

eight prior to the initiation of a small-group

discussion. The topic, the group, and the leader's

experience all affect this decision.

A discussion denotes an exchange of ideas with

active learning and participation by all concerned. On

the other hand, recitation tends to be a passive

technique from the -iewpoint of student activity.

Discussion methods seem to be logical extensions of

student interactions with materials or objects during



science activities as student and student or student

and teacher exchange thoughts. Discussions allow

students to discover, develop, state, and react to

personal viewpoints--not merely to repeat those ideas

that you or a text has presented.

For purposes of clarification, a science

discussion is described as including these elements:

1. A small number (6-12) of students meeting

together.

2. Recognition of a common science topic or

problem.

3. Initiation, exchange, and evaluation of

information and ideas that relate to science.

4. Direction toward some goal or objective (often

of the participants' choosing).

5. Verbal interaction--objectively and

emotionally.

Why Use Discussions?

Discussions and small-group learning units are

most appropriate if you desire to increase teacher-

student and student-student verbal interaction in the

classroom. Recall the 12 different goals for using

small-group or discussion techniques that were

2()4
192



described as being appropriate to aid students in

becnming more responsible and independent learners.

During the actual science lesson, students become

active participants in the class activities and

demonstrate both their scientific and their interaction

process skills.

A well-accepted psychological principle is that

students learn best when they are actively involved or

participating. If you desire to promote a wide range

of interest, opinions, and perspectives in the science

class, then small-group discussions provide another way

to accomplish that goal. If you desire to have

different students doing different tasks or activities

at the same time, all leading to meaningful goals, or

if you desire to practice indirect control of the

class, then discussion is an appropriate technique.

Small-group discussions provide an excellent

method for dealing with controversial issues or open-

ended questions. The need for a local, state, or

national science policy, the problems of advocating a

particular solution or point of view, and efforts to

inform are all appropriau.a subjects for science-related

discussions.
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One criterion is critical in planning for the use

of small-group discussion activities: Is the activity,

question, or group task one for which there is abundant

data? This criterion requires that you know

approximately the range, amount, usefulness, and

timeliness of available materiels. If the students are

limited in their research to collections of outdated,

inaccurate materials, then they will not be able to

challenge prejudices, develop open-minded and flexible

approaches to new information, or learn how to reflect

upon the acquisition of new knowledge.

It is your responsibility as a teacher to develop

the habit of thinking in terms of the-students-and-I-

working-together. A "we" attitude helps you in

establishing clear goals that revolve around teacher-

student relationships, student-student relationships,

the learning purposes of the classroom, and a

supportive emotional climate and learning atmosphere,

so that each class member respects all other

individuals and their respective ideas.

Every one of us has expe7ienced, in either large

or small classes, how the initial sessions are often

markc,1 by a lack of responsiveness and a general

climate of anxiety. Group development and cohesiveness
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are attained only gradually. Effective small-group

facilitators understand how to plan experiences that

reinforce group goal setting, group effectiveness,

group interaction, and group development.

Studies have shown that, when conducted under

appropriate conditions, small-group methods are

superior for selected purposes. There is evidence that

changes in social adjustment and personality can be

facilitated through small-group instructional methods.

Further, it has been demonstrated that small-group

activities help to increase the students' depth of

understanding and grasp of course content. Two

affective consequences have been demonstrated as being

attributable to small-group techniques: (1) the

enhancement of motivation and greater involvement by

the students, and (2) the development of positive

student attitudes toward course materials.

Finally, you will find that when you use small-

group discussion techniques, your students will develop

science problem-solving skills because they obtain

greater practice in the application of concepts and

because they realize that the content information has a

practical use.
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Two general skills--inquiry and cooperativeness-

will tend to increase the effectiveness of the small-

group participants. As groups develop cooperative

members, the quality and quantity of learning become

amazingly high. Conversely, if the group members

compete with each other, there is a tendency for both

the quantity and the quality of learning to decrease.

Of course, to reach selected instructional goals,

intergroup competition may actually be desirable (if

not carried to an extreme). The overall success of

small groups within your classroom depends on your

selection of a blend of discussion modes, some of which

require intragroup cooperation and a few that call for

intergroup competition, which may be in the form of

science-related games or simulations.

Techniques for the Classroom

Let us now address four well-tested small-group

techniques that are most suited to science classes:

(1) brainstorming, (2) Phillips 66, (3) tutorial, and

(4) task groups. You might even mix some of these as

you gain experieace with them.
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Brainstorming

A very simple technique that is useful when

creativity is desired is brainstorming. Most science

activities have some elements that require students to

do some freewheeling-thinking. This is when you want

to use a brainstorming group. Any number of students

can become involved in a brainstorming activity. The

shorter the discussion period is, the smaller the

groups should be, so let time dictate the size within a

6- to 12-person limit per group.

The brainstorming session is started by the leader

who briefly states the problem under consideration.

The problem might be as simple as "How can we collect

data about the problem?" "What problems need study in

our school?", or as complex as "How can we set up an

experiment to test seed germination?"

After the topic is stated and before interaction

starts, it is crucial to select a method of recording

the discussion. It could be taped, or one or more

students who write quickly could serve as recorders.

Although all the students will be oriented to the

rules, make sure that the student leader enforces these

procedures. The following rules seem to be especially

important:
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1. All ideas, except for obvious jokes, should be

acknowledged and recorded.

2. No criticism is to be made of any suggestion.

3. Members should be encouraged to build on each

other's ideas. In the final analysis, no idea belongs

to an individual, so encourage "piggybacking."

4. Solicit ideas, or opinions, from silent

members. Then give them positive reinforcement.

5. Quality is less important than quantity, but

this does not relieve the group members from trying to

think creatively or intelligently.

Brainstorming is an initiating process and must be

followed up with some other activity. After the

discussion or brainstorming session, it is important

that the ideas presented be classified by types and

then evaluated for use by students in follow-up

activities. One way to follow up would be to use the

ideas generated in the brainstorming session as the

basis for another type of discussion. Brainstorming

can alsr lead to the prioritizing of the elements- -

e.g., when you desire a series of suggested science

topics to be assessed in priority for future study.

The evaluation of a brainstorming session should

not be lengthy, and it should be nonthreatening for the
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participants. Remember, you want everyone to

contribute, regardless of their level of academic

capability. You may want to make some private

assessments about academic levels, levels of

inhibition, or who is "turned off" by scieAce; but all

public evaluations must be highly positive in nature.

Phillips 66

The "Phillips 66" discussion group involves

exactly six students, and was developed by J. Donald

Phillips at Michigan State University. It is

established quickly and does not call for pre-

orientation. Students do not have to be highly skilled

in group interaction for this type of discussion to

work effectively. In fact, the Phillips 66 technique

is most appropriate as an initial mixer activity.

The class is divided into groups of six (this can

be done by you or on a volunteer basis). The groups

then have one minute in which to select a secretary and

a leader. At the end of one minute, you give a clear

and concise statement of the problem or issue for

discussion, worded so as to encourage specific single

statement answers. The students then have exactly six

minutes to come to an agreement or to arrive at the

best solution for the problem.

;
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When using the Phillips 66 group in the primary

grades, you may decide to eliminate the role of

secretary, but one of the students must summarize the

group's solution. Listening and summarizing are

important skills for group work, and the Phillips 66

method is a good training technique for future group

leaders, recorders, and evaluators.

The Phillips 66 discussion group can be very

useful as an initiating activity when teaching a major

concept lesson or as a lead-in for a new science unit.

You can probably think of many other appropriate times

when it would be beneficial to focus the students'

attention on a problem or concept and to create

interest quickly in this problem or concept.

Your role is very simple. You decide on the

topic, arrange the groups, start the discussion, and

then systematically observe each group. After the

discussion is over, you might want to discuss with the

students ways that the leaders can keep the group

focused on the task.

Tutorial

The tutorial discussion group is used most

frequently to help students who have experienced

difficulties in learning either basic skills, single
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scientific concepts, or who are absent from science

classes. The group has only a few students (usually

two to four) and focuses on a narrow range of

materials. It is an excellent way to facilitate the

handling of manipulatives or to demonstrate psychomotor

activities.

The arrangements for a tutoring session should

provide easy "eyeball to eyeball" contact to ease the

flow of communication among all persons. The selected

discussion leader (tutor) is clearly identified and, as

such, plays a somewhat dominant role in the group

process. This leader has three major functions to

perform when in the tutorial mode: (1) questioning the

group to pinpoint the exact problem that has blocked

learning, (2) providing information or skills to

facilitate learning, and (3) encouraging all to ask

questions and seek answers among themselves.

Lest you have serious reservations about the

tutorial technique, it has been demonstrated that

students often learn better from each other than from

the teacher! Many school districts currently use

student tutors and are finding them to be invaluable

resources for the classroom teacher. (Of course, a

teacher aide makes an excellent tutor.) We caution,
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however, that prior to using student tutors, you must

be satisfied that each one has mastered the necessary

competencies--such as the skills of questioning, giving

positive reinforcement, and analyzing work tasks. The

student who leads the tutorial science discussion also

needs to have developed some skills in the area of

human relations. The leader must be patient, yet

provide warm and friendly encouragement. The leader

must also keep the group moving toward its goal, accept

the inputs from those who learn slowly, and prod those

group members who are slow to contribute.

Although probably most often used to alleviate

student learning difficulties, the tutorial discussion

group is an excellent method by which to encourage

independent projects for advanced learners. Many

gifted students will find it a challenge to try to

explain their project to other students.

In 1984, Benjamin S. Bloom reported just how

powerful the tutorial method is on student learning.

His data showed that children would gain two standard

deviations in learning when compared to the learning

that takes place in the traditional classroom. To

place that learning "leap" in perspective, keep in mind

that a gain of two standard deviations would place
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those students in the top seven percent! Subsequent

studies have shown that tutorials are the single best

method by which to enhance student learning.

Tutoring can be used with one leader (tutor) and

up to three other learners. Used with groups of two,

three, or four, the technique actually becomes a

discussion small group. Tutoring can be used in

conjunction with science learning centers, reviews,

formative evaluations, and analysis of data generated

by students during an activity.

If you have but one choice of a discussion

strategy to use, then make it tutoring.

Task Group

Another easy-to-use discussion type is the task

group. As the name implies, stu_ants are involved in

some type of work or activity in which significant

contributions can be made by each group member.

Prerequisite to using the task group is the

specification of clearly defined tasks or assignments

to all group members. The task group is very similar

to a committee, having clearly defined goals,

individual assignments, and roles. Further, it is

beneficial for you to establish a work schedule and a

system for internal monitoring of achievements, and
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initially to provide all of the learning resources that

may be necessary to accomplish the identified tasks.

At the scheduled conclusion of the task, each subgroup

reports its findings to.the entire class.

Task groups tend to be teacher dominated in that

the teacher usually selects the tasks and assigns each

class member to accomplish some specific role. This

discussion type can be used very efficiently during the

early part of a semester when you are attempting to

provide students with specific scientific process

competencies. Using this technique you can observe how

selected students work with each other and how

responsibly they tend to accomplish the task that has

been assigned.

Introducing the Concept of Evaluation

Evaluation of discussions is designed to provide

feedback to each individual who participates in the

group ac*ivity. Since small-group discussions are

interaction-process-oriented, that process should be

continually evaluated so that each participant may

improve. In the preparation of such evaluations,

simplicity is the key concept. You ask what the goals

or objectives of the activity are, identify appropriate
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criteria by which to judge each component, and then

prepare a simple form for the evaluator.

Once the evaluator has judged the group

activities, data from each individual should be

compiled so that the group can receive aggregate or

cumulative feedback. It is possible to tally all of

the individual responses for each item and present the

sums to the group. This technique allows each

individual to compare the self-rating results to that

of the group.

Evaluation forms, may be filed by you or by each

student to determine the type and direction of growth

for each participant. Such data enable you to help

students who have not mastered specific discussion

skills and to provide future direction for the group's

use of discussion.

One form of evaluation is simply to record the

number of times each student interacts verbally. This

form could be prepared without any special printing.

It would look like Figure 5-1. The evaluator tallies a

mark each time any individual speaks. At the end of

the discussion the leader, and perhaps even ,ou, could

examine the tabulation to determine if someone

dominated the discussion or if someone did not
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contribute to it. The rationale for this type of

evaluation is to promote interaction behaviors, not to

blame anyone.

Names of Group Members Number of Interactions

1. Laura Anne, Leader ++++ I+++ 11
2. Gus, Recorder 11
3. Jerry 1

4. Elaine 1+ii 11
5. Sharon ++11
6. Pat ++11 1

Figure 5-1. Tally Method Evaluation Form

Another possible model instrument that is designed

to get feedback from the participants themselves, not

just the evaluator, is shown in Figure 5-2. You or a

small-group evaluator might then compile group data on

a graph to better observe the total range of responses.

Other evaluation forms might help group members

assess their own participation over time or test the

affective dimensions of the discussion (particularly

when decisions or value judgments are made or data

interpreted). Figure 5-3 could be used during a

science discussion that focuses on value-laden ideas or

decision making.
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Directions: To evaluate your group, place an "X" on
the line above the statement that best describes your
reaction to each of the incomplete sentences.

Group Date
Name

1. I thought that the discussion

Gave everyone a Allowed almost Was dominated
chance to everyone a chance by only a few.
participate freely. to participate

freely.

2. As far as my participation in the discussion, I

Was really with Could have done
it. better.

Was totally
out of it.

3. The discussion leader

Encouraged a wide Selected only a Seemed to
range of few persons to dominate the
participation. participate. discussion

most of the
time.

Figure 5-2. Checklist for Discussion
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Directions: The student who evaluates the discussion
sl-ould circle the response that describes the
c:Iclusion. If any negative evaluations are given,
then a short statement of how that aspect can be
improved must be given.

1. To what extent
was the task
clearly define 3?

Well Somewhat Needed
defined defined clarification

2. Were all conclu- Very
sions definitely well stated to improve

Somewhat Suggestions

stated or stated
identified?

3. How would you Very Somewhat Impractical
rate the value of practical practical
the conclusions?

4. Were the conclu- Yes
sions made in
light of the
problem?

5. How well did the
group share
information?

Some were, some were
not conclusions made
by considering other
data

Much Some There seemed
sharing sharing to be a need

for more

6. To what extent All
could you seemed
determine if the pleased
participants were
pleased with the
manner in which
the discussion
took place?

Most
seemed
pleased

There seemed
to be a mix
of feelings

Figure 5-3. Discussion Product Appraisal Form

You evaluate discussions to collate data on how

well the processes are going. In this respect they are

formative, i.e., used to make adjustments so that
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everyone becomes a full partner in learning.

In General

The use of small groups in science instruction is

one more method by which to make your class more self-

sustained. The technique is not to be construed as an

"easy wa: ' our of teaching science. After reading the

text to this point, you must surely be asking, "Can

anyone possibly have the time to do all this and teach

science, too?"

The response to that thought is that both science

and discussions are chiefly processes. As you teach

one process, you integrate the other. Our point of

view is that teachers should realize that science is

easily adapted to any reasonable teaching technique.

Further, by developing small-group discussion

strategies, you will find that you will have more time

to interact with your class members. It will be, of

course, an interaction with small groups--but it does

increase your interaction significantly.

Now let us focue on a technique closely related to

discussion, but in different dimension -- cooperative

learning.
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Cooper, .eve Learning

Cooperative learning has been studied for several

years by Roger T. Johnson and oavid W. Johnson.

Recently, the National Council for the Social Studies

hailed their work as the most important advance in the

past two decades! The Johnson's classify instructional

goals into three broad categories based on: (1)

competition, (2, individualization, and (3)

cooperation. Competition is the hallmark of American

education (and its business practices). Students

compete against each other for grades, 1,,3rning,

resources, rewards. There are a few winners and many

losers. You are one or the other! Individualization

allows students to work alone, at their own pace and

they do not interact socially. But, individualization

has not truly shown to help in developing socialization

or cognitive development.

Cooperative learning, however, is a process that

allows a small group of children to work together to

solve a given problem. Studies analyzed by the

Johnson's indicate that cooperative learning promotes

higher student achievement than do either

individualized or competitive learning! This finding

undoubtedly will shock most readers. The Johnson's
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imply that cooperative learning could almost have as

great an impact on achievement as does tutoring.

What is important to recognize is that students in

cooperative learning situations gain in conceptual and

problem-solving skills. Further, these students

retained the information longer and developed more

positive attitudes toward science. These conclusions

are important for prospective and practicing teachers

alike.

Structurinq for Cooperative Learning

The discussion strategies presented earlier

basically incorporated into the cooperative learning

model. For example, groups are assigned in two's or

four's. Materials are arranged to increase student-

student interactions. Then, a task is given that

requires each group member to cooperate and shape data.

Usually, one report per group is required. That report

.rust accommodate any individual differences.

An adaptation is to have individuals conduct their

own "experiments" and then combine as a group to share

findings. Iii this technique, the individual findings

are compared to the group's. In many cases, group

findings will be more appropriate.
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Of course, the teacher constantly monitors group

interactions. The sample observation tools illustrated

in figures 5-1, 5-2, and 5-3 are all useful.

Monitoring groups is critical. If arguments break out,

then the teacher helps resolve issues and reminds the

students that individual views are important. And the

group is reminded that their repprt is to be a group

effort, not four independent reports.

Adaptina_for Cooperative Learning

To adapt specific lessons that stress cooperation,

a teacher modifies a lesson so that there are specific

individual tasks that must be done so that all group

members may proceed. For example, in the conducting of

any activity as division of tasks is made.

As an activity proceeds, a teacher can structure

some "time out" periods where each member of the group

summarizes what is taking place. This feature enhances

understanding.

As work proceeds students are encouraged to learn

from each other and to shape their new ideas for

further expansion of the idea.

The group product is evaluated as a team, not an

individual effort. However, tests are given to each
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individual. The group does not colloborate on

summative evaluations. They should be encouraged to

cooperate on formative measures.

Conclusion

The use of small groups and cooperative learning

strategies is emerging as a powerful classroom tool.

In the long run, thescl methods reflect how scientists

act. Scientists work individually and on teams.

Actually, in industry, team work has lead to major

scientific and technological truimphs. Nothing in

these techniques can be construed as working against

individual initiative. Conversely, individuals learn

to learn and work as a team. If team spirit is

"American" for football, it ought to be the same for

learning science!
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CHAPTER 6

USING THE REAL STUFF OF SCIENCE: INQUIRY

Traditionally, teachers at all levels emphasize

bodies of knowledge, the content of which becomes both

a means and an end in education. Is it any wonder then

that hundreds of thousands of students get bored by the

routine lectures or recitations? We would like to

offer you an alternative teaching technique that is not

new but centuries old. The generic term for the

technique is inquiry. You may find it referred to in

the literature as inquiry, enquiry, discovery, problem-

solving, reflective thinking, inductive teaching, or

other terms. We will discuss the generic techniques

and point out the major differences among them.

Understanding the Concept of Inquiry

The concept of inquiry is rather difficult to

define in nonoperational terms--that is, without giving

precise examples of teacher strategies and the

concomitant student behaviors. As we develop a

spectrum of inquiry-teaching options, we will

demonstrate their operational meanings by example.

Inquiry processes require a high degree of interaction



among the learner, the teacher, the materials, the

content, and the instructional environment. Perhaps

the most crucial aspect of inquiry is that, as it is

defined in the dictionary, both student and teacher

become persistent askers, seekers, interrogators,

questioners, and ponderers and ultimately pose the

question that every Nobel Prize winner has asked: I

wonder what would happen if . . .

Of course, we do not expect all, of you to make

internationally significant discoveries, although we

would like to see a few of your students do so. What

is important is that you as the classroom teacher set

the stage for the process of inquiry to take place. In

short, you make the difference. You decide how much

time will be spent developing the many processes that

reinforce inquiry behaviors. You make the decision to

try another method of teaching units of instruction

that lend themselves to inquiry processes. You are the

one who systematically will teach your students how to

ask questions.

Questioning plays a crucial role in both the

teaching and learning acts associated with the inquiry

mode of learning. Questions lead to investigations

that attempt to solve a well-defined aspect of the
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question. Such investigations are common to all areas

of human endeavor. The investigative processes of

inquiry involve the student not only in questioning,

but also in formulating the question, in limiting it,

in deciding on the best methods to use, and in

conducting the study.

Lest you be a bit dubious about this method, let

us assure you that we view the techniques of inquiry as

one more option that is available to you as you

establish your own teaching styles.

The emphasis on inquiry instruction seems to be a

twentieth-century phenomenon. Perhaps the prime

advocate for its wide acceptance is none other than

John Dewey. This may surprise you, for in most
...

textbooks and lectures and in the common press the late

John Dewey seems to be blamed for every conceivable ill

that has befallen our sshools - which is utter

nonsense. We will explore the contributions of Dewey

as they pertain to problem-solving. You may be

surprised to learn that it was Dewey's ideal that

became popularized in a conference of scientists,

leading to the publication of Jerome S. Bruner's (1960)

now classic The Process of Education. This brief

historical background on the inquiry process is
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essential to avoid the same fallacious thinking of

which thousands of teachers have been guilty because

they were not fully aware of the foundations of

inquiry.

As we mentioned, inquiry is an old technique. The

distinguished trio of ancient Western culture- -

Socrates, Aristotle, and Plato--were all masters of the

inquiry processes. One can argue that the processes

they used have since affected the way most people in

our Western civilization think. That heritage has

given us a mode of teaching in which students are

vitally involved in the learning and creating

processes. It is through inquiry that new knowledge is

discovered. It is by becoming involved in the process

that students become historians, scientists,

economists, artists, business-persons, poets, writers,

or researchers--even if only for an hour or two in your

class.

What then are the basic processes of inquiry? Let

us reexamine the thirteen major processes from the

elementary science program called "Science: A Process

Approach." Briefly, they are: observing, classifying,

using numbers, measuring, using space/time relation-

ships, predicting, inferring, defining operationally,
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formulating hypotheses, interpreting data, controlling

variablea, experimenting, and communicating.

We are stressing science methods, but we challenge

you not to find elements of these thirteen "scientific"

processes in every discipline. We submit that even

poets use some of them. The main point that we are

developing laboriously is that inquiry is not simply

the asking of a question; it is a process of conducting

an investigation (see Fig.6-1). A similar chart can be

constructed easily for selected aspects of literature,

art criticism, homemaking, first aid, and many other

nonscience subjects.

It is extremely important to understand that each

of those processes associated with inquiry must be

carefully developed and practiced in a very systematic

manner. This requires that the teacher decide how much

of each lesson will be devoted to cognitive-skill

building and how much to process building--just as with

the process of building small-group discussions.

Finally, both the teacher and the students must

become aware that the processes must be learned,

practiced, demonstrated, and assimilated into the

students' learning styles. Of course, the teacher must

know the processes and must know how to establish
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learning situations that will aid in their application.

The inquiry processes are most effective when they are

internalized by each and every student. We do imply

that every student can learn the fundamental processes

of inquiry, although this does not mean that every

student will demonstrate the same quality of inquiry.

In our experiences, we have observed that the "slow"

students enjoy using the inquiry processes as much as

the very "best" students.

Identifying a problem

Preparing a statement
of research objectives

Collecting data

Interpreting
data

Developing tentative
conclusions

Replication

Being aware of something

Proposing testable
hypothesis

A. Gathering evidence
B. Conducting an experiment
C. Surveying a sample

A. Making meaningful state-
ments supported by data

B. Testing hypotheses

A. Establishing relationships
or patterns

B. Specifying generalizations

A. Obtaining new data
B. Revising original

conclusions
C. Continuous testing.

Figure 6-1. A General Model of IngLiry
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Finally, both the teacher and the students must

become aware that the processes must be learned,

practiced, demonstrated, and assimilated into the

students' learning styles. Of course, the teacher must

know the processes and must know how to establish

learning situations that will aid in their application.

The inquiry processes are most effective when they are

internalized by each and every student. We do imply

that every student can learn the fundamental processes

of inquiry, although this does not mean that every

student will demonstrate the same quality of inquiry.

In our experiences, we have observed that the "slow"

students enjoy using the inquiry processes as much as

the very "best" students.

As one more way to learn, inquiry provides a

dimension to the classroom environment that no other

teaching method can--the excitement of learning

something that just might not be in the textbook.

The "Professional Bag of Skills"

The following inquiry methods will be discussed

next:

1. Inductive inquiry.

2. Problem-solving.

3. Discovery learning.

al 3



4. The Suchman Inquiry Model.

For each kind of inquiry presented, you also will be

given examples of that style as it is applied in the

classroom.

Inductive Inquiry

Let us begin with a caveat: There is no pure

inductive-inquiry teaching mode. Basically there are

elements cf the inductive method that prevail with all

inquiry strategies. But note well that inductive

teaching methodologies may or may not be true

extensions of "discovery." What then constitutes

inductive inquiry? Induction or inductive logic is a

thought process wherein the individual observes or

senses a selected number of events, processes, or

objects, and then constructs a particular pattern of

concepts or relationships based on these limited

exreriances. Inductive inquiry, then, is a method that

is used by teachers when they present sets of data or

situations and then ask the students to infer a

conclusion, generalization, or a pattern of

relationships. It is a process that allows the student

to observe specifics and then to infer generalizations

about the entire group of particulars.
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Inductive inquiry may be approached in at least

two different ways: (1) guided; and (2) unguided. Lee

S. Schulman and Pinchas Tamir (1973) provided an easy-

to-use matrix illustrating that if the teacher wishes

to provide the basic elements of the lesson--that is,

the specifics--but wants the students to make the

generalizations, then the teacher is conducting a

guided inductive lesson. If the teacher decides to

allow the students to provide the cases and to make the

generalizations, the process may be labeled unguided

inductive inquiry Such a distinction between guided

and unguided inductive inquiry is very essential. In

most cases, the teacher will begin to build the

processes of induction through a set of guided

experiences. In this manner, the teacher knows that

there is a fixed number of generalizations or

conclusions that can be reasonably inferred. The

teacher can then go about helping various students to

make the observations that lead to these conclusions.

In our experiences with inductive inquiry, the guided

method provides an easy transition from expository

teachirg to that which is less expository. This roint

will be discussed later.
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Inductive inquiry is appr'priate at z%11 levels of

instruction, from pre-school to university graduate

schools. Obviously the kinds and quality of induction

will vary considerably. An important aspect of

inductive inquiry is that the processes of observation,

inference, classification, formulating hypotheses, and

predicting are all sharpened (or reinforced) by the

experiences.

Guided Inductive Inquiry

The use of pictures is usually the easiest way to

introduce the initial elements of guided inductive

inquiry. As one example for younger children,

different pictures of the same scene are shown to the

class. The teacher selects these based on the fact

that they illustrate some of the differences associated

with the seasons. Thus, four typical or even

stereotypical pictures are used to show spring, summer,

autumn, and winter.

Before beginning the lesson, the teacher will

arrange to isave all of the necessary materials so that

the children are all given materials from which to have

similar experiences. In conducting this lesson, the

teacher will make extensive use of question-asking

skills. The teacher will ask the children to make
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observations about what they see in the pictures. As

the children venture their responses, the teacher must

be careful to distinguish between statements based on

observations and those based on inferences. When an

inference is stated, the teacher should simply ask, "Is

that an inference or an observation?" (Of course, the

lesson should begin with the concepts of processes of

observations and inferences presented in the simplest

manner.) As the class progresses, the teacher will

prepare a simple chart or will lilt on the blackboard

the actual observations and the accompanying

inferences. Each process will be built slowly a%d

carefully with many such examples.

To get students in the habit of being systematic,

and this applies to all grade levels, ask each one to

write the observation and beside it the inferences.

This method also aids you in checking the observations

that are the bases for any inferences. Of course, the

latter technique cannot be used in kindergarten, grade

1, or even grade 2. In those cases, you can do the

writing--or create a pictorial display of student

observations and inferences. Of course, prior lessons

with appropriate activities wo,x1d have established the

processes of observing and inferring.



As the class progresses, prepare a simple poster

or use the chalkboard to list the actual observations

and the accompanying inferences. Each process is

slowly and carefully built with many examples drawn

from actual experiences.

Patterns that the students observe are stated by

them as generalizations that apply whenever the pattern

is repeat_d. Thus, the process of inductive reasoning

is gradually developed. Try to conduct guided

inductive inquiry exercises waenever any occasion

arises. Use simple experiences: "What could cause

this type of track in the snow?" and "Where have we

seen this before?" and "If we had to generalize about

the sizes of these leaves, what one sentence could we

make?" are the kinds of questions that require the

learner to do the generalizing. In this manner you

will seldom state the original generalization. You

will, or course, be the one who plans for them. These

are the kinds of questions that require the child to do

the generalizing rather than the teacher to simply

present in generalizations.

In guided inductive inquiry, the teacher cannot

expect the students to arrive at particular

generalizations unless the learning activities,
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classroom recitations or discussions, learning

materials, and visual aids are all arranged so that

everything is available to the learner to make the

generalizations. Perhaps these initial experiences can

even utilize some small groups, such as task groups.

At all levels, the teacher should ask each student

to write down the observations and, beside them, the

inferences. In this fashion, the student will gain the

habit of becoming systematic. This method also helps

the teacher to check the observations that were the

bases for any inferences.

Inferences

An inference is an interpretation or evaluation

that results from making observations of objects or

events. When you assemble a series of objects and ask

the students to make generalizations about them, they

will probably provide inferences. However, an

inferencA is different from a generalization in that a

generalization explains or summarizes some verifiable

element.

For example, if you give students a hig box of

buttons and ask them to arrange the buttons according

to some classification scheme, they will arrive at

several different classes of buttons. They will also
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observe some trait that is general to all buttons in

the group--three holes, shanks, shankless, round,

square. If you ask for possible uses of the different

buttons, you then approach the inference-building

stage. The students begin to speculate about uses.

But you ask other questions, such as "How could we find

out?" or "Is that button big enough for an overcoat?"

By asking your students to provide evidence or examples

of how to test their ideas, you will help them reach

the inference-building stage.

The Time Involved

When you initially utilize any type of inquiry

activity in your classes, you must plan to spend at

least twice the amount of time on each lesson than you

would normally expect. Any inquiry activity takes time

to plan, initiate, and complete. This greater time use

is spent on in-depth analysis of the content by the

students, i.e., true understanding.

Furthermore, the use of inquiry methods requires

greater interaction between the learner and the

materials. There is also greater interaction between

the teacher and the students. However, there a

small amount of risk involved for the students. They

will not have an authority or book to memorize, but
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must rely on their own data or observations. You will

find that most children and adults approach inquiry

activities with a great deal of caution--if not

apprehension. But as the inductive-inquiry activities

become a part of the ongoing procedures of the class,

learner apprehension diminishes.

Another caveat is required: When you use an

inquiry method, the amount of material covered is

actually reduced. The reason is that you are using

more time to develop thinking processes and reducing

the time spent on memorization of fact or content. You

cannot maximize thinking skills and simultaneously

maximize content coverage. If you wish to build the

so-called higher-order thinking skills, then you must

reduce some of the content and substitute processes

instead. In fact, you are not sacrificing anything.

You are providing important instruction and experiences

that are a part of the function of understanding the

structure (epistemology) of the disciplines. The

decision to follow this approach is yours. Your role

is therefore very important.

In lower grades or when conducting initial

experiences, the final generalization(s) may involve an

oral summary or review of the concepts, a listing of



the ideas presented, and finally, the eliciting of the

learners' own views as to what constitutes a meaningful

generalization. As the learners provide statements,

the teacher should use such questioning techniques as

probing, concept review, and prompting.

The testing of the generalizations can be

accomplished by having the class apply the statement to

different times, places, peoples, objects, or events.

A major limitation of the testing will be the

backgrounds and experiences of the learners.

Another technique that may be used with guided

inductive inquiry is to write down a series of events

on cards or on some other manipulative medium. Then

ask the learners to place the events in the "proper"

sequence, without any reference to the order being

right or wrong. This activity can follow a reading

assignment. When the sequence of events is competed,

ask the students to observe the pattern of events and

to state the pattern in just one sentence. This

sentence will be the generalization. Other members of

the class can be asked to test the generalization by

examining it for significant exceptions. Another

excellent technique to be used here is "cooperative
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learning." Inquiry activities lend themselves most

appropriately to cooperative learning.

These suggestions provide some tested models that

help students to think inductively--that is, to infer

generalizations. These models are adaptable to all

levels of instruction. The efficiency of the learners-

-and of the teacher--will improve with practice.

Analysis of Guided Inductive Inquiry

As you read the previous presentation, you

probably noted that we did not have any set

prescription or rules to follow. The model illustrated

in Figure 1 shows five major steps in that inquiry

system: (1) defining the problem; (2) developing

tentative answers; (3) testing the tentative answers;

(4) developing a conclusion; and (5) applying the

conclusion. Implied in such a model is that the

student finds the problem, or at least recognizes it,

and then follows the five steps to attempt to resolve

it. In nearly all cases data will be collected or some

materials will be manipulated.

These steps usually are needed for introductory

guided inductive lessons. Recall that the process

objectives are to observe, to infer, and to conclude.

The problem, if it can be called one, is to determine a
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meaningful pattern in an array of events or objects.

This process is not simply the allowing of wild guesses

to take place. All inferences must be supported by

some evidence--that is, observations or data. The

latter may be obtained from some standard reference

source such as the United States Statistical Abstract,

or from almanacs, yearbooks, reports, or encyclopedias.

The data become the focal point of the inquiry session

and thus serve as a common experience for the entire

class.

Guided inductive inquiry includes the following

characteristics:

1. The thought processes require that the

learners progress from specific observations to

inferences or generalizations.

2. The objective is to learn (or reinforce)

processes of examining events or objects and then to

arrive at appropriate generalizations.

3. The teacher controls the elements--the events,

data, materials, or objects--and as such, acts as the

class leader.

4. The student reacts to the specifics of the

lesson--the events, data, materials, or objects--and

attempts to structure a meaningful pattern based on his
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or her observations and on those of others in the

class.

5. The classroom is to be considered a learning

laboratory.

6. There is usually a fixed number of

generalizations that will be elicited from the

learners.

7. The teacher encourages each student to

communicate his or her generalizations to the class so

that others may benefit from individual perceptions.

The use of guided inductive inquiry may or may not

be "creative" in the sense of allowing the learners the

opportunity to "discover" something new. It can be

argued that the process of discovery should be reserved

for that which is truly unique in our culture. But

such a situation would limit discovery to only the U.S,

Patent Office. In schooling, the term discovery can

mean that: (1) the student has, for the very first

time, determined something unique to that individual;

(2) the student has added something to a discussion

about a problem that the teacher or other students had

not known before; or (3) the student has synthesized

some information in such a manner as to provide others



with a unique interpretation--that is, the student has

demonstrated creativity.

Unfortunately, such a variety of definitions

causes disagreements about discovery in the schools.

Purists tend to support the third definition. We tend

to defend the position that discovery should be

reserved for those situations in which problems are

being solved and possible solutions or alternatives

have not yet been stated. Thus, we support the second

definition.

Models of Guided Inductive Inquiry

Two models of guided inductive inquiry are

presented here. The first model was initially used in

Pasco, Washington, when one of the authors was an

instructor on a teacher-aide project. The aides were

given the challenge of determining the patterns

observed when using the compound microscope, so that

they would be familiar with one of the most commonly

used pieces of scientific equipment. This exercise has

since been used widely at several grade levels. Note

how simple such an exercise can be.

The second model, a clever guided inductive

devise, allows students to learn about the mixing of

colors from their own observations. In this model,
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note how easy it is to adapt elements of guided

inductive inquiry to the fine arts. Anoth'r aspect of

Model 2 is that it readily lends itself to the use of

the overheat projector. Later in this chapter, we will

discuss the use of transparencies in stimulatilg group

instruction in an inquiry mode,.

Although we have made a strong case for individual

work during inquiry sessions, there is nothing wrong

with the teacher also p :::aenting a demonstration to the

entire class. If the teacher decides tc use this

technique, then he or she should require that each

student write down his or her own observations,

inferences, and generalizations, rather than having an

oral recitation period. This technique helps each

learner to improve in self-reliance. In this manner,

each individual can develop his or her own logical

framework, which may not be the case during oral

recitations. In a group mode, it may even be wise to

prepare a handout for the students so that they may

record their observations and opinions in a guided,

systematic manner. Again, smal_ groups or cooperative

learning can be user:.

After examining the three models of guided

inductive inquiry, try to develop a similar less.n for
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your teaching area or discipline. Do not make the

mistake of saying, "It can't be done for my subject."

Thousands of students or teachers in our classes, with

majors ranging from art to zoology, have all prepared

either a guided an unguided inductive inquiry

lesson.

Model 1 - An Inductive Approach to the Compound
Licant Microscope

Biology and general science students are

usually introduced to the compound microscope

through a general discussion or lecture on

nomenclature, microscope care, proper use of

focusing knobs, lens systems, and the like. They

are then given a microscope, a set of slides,

clover slips, and other materials needed to

complete observation exercises, and are expected

to prepare suitable drawings for the teacher's

examination.

NOTE: Students are seldom aware that the objects

they view are inverted, upside down, or reversed- -

despite knowledge that movement of the slide

causes a reverse action. Furthermore, they are

unaware that the focal area is in a plane End that

by continual focusing, new planes come into view.
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This report describes an exercise needed to

give students a better understanding of the

compound microscope than they usually acquire

through traditional means of presentation. Using

an inductive approach, it allows students to make

"discoveries" and generalizations about the

microscope for themselves. The materials involved

are simple and can easily be permanently mounted

for classroom use.

Exploring the Compound Light Microscope

Objectives. The purpose of the exercise is to

allow students to arrive inductively at the

following three generalizations:

1. Objects -appear inverted and reversed left to

right.

2. The field of observation is inversely related

to the power of the lens being used. As the

magnifying power of the lens increases, the

area of the observed field decreases.

3. Materials can be viewed as three-dimensional

objects and are arranged on distant planes.



Use. The exercise is presented here as it was

developed and used for a class of teacher

aides. However, it is readily adaptable for

use with high school students.

Part 1. For the first phase of the exercise--to

help students realize the inversion of objects

under the microscope and their reversal left to

right--several words and other symbols were typed

on sheets of cellophane paper, using carbon ribbon

to make a dark impression. Initially, one line of

typed material was mounted on a posterboard slide

having a quarter-inch slit to expose the typed

line (see Fig.6-2).

Students were asked to observe the line of

characters, especially the question mark, and to

draw exactly what they observed under low power,

medium power, and high power. When all students

had completed their drawings, they were asked to

state generalizations concerning what they had

observed.
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Figure 6-2. Slide Used to Determine Field Area of
Magnification and Inversion of Objects

Sample Results. Interestingly enough, during the

period several Student observed that the object

being viewed was upside down. However, these

students proceeded to reorient the slide on the

microscope stage to give them a "corrected" image!

other students drew the figures as they appeared

through the eyepiece--that is, inverted. When

asked to make generalizations regarding this

phenomenon, all agreed that the objects had been

reversed or upside down.

One participant who had recently completed a

college biology course was astounded to realize

that she had never made this observation in a full

quarter of biology lab work. She stated that the

slides which she had used were either stained or



unstained and unprepared but that at no time had

she realized inversion took place, and that no one

had ever mentioned this in class--including the

instructor.

Part 2. The second part of the exercise, seeking

generalizations relating field size to the

magnifying power of the lens, was difficult for

many students to comprehend immediately. However,

on repeated observation, without the instructor

telling them what they should observe but with

leading questions, those who had difficulty were

able to state that "you cannot 'see' all of the

letter under the highest power that you can see

under the lowest power."

Part 3. The third objective--to have students

observe that the field is arranged in planes--was

achieved by using overlapping pieces of cellophane

with type-on letters and other symbols. The

letters on one sheet were typed with a red ribbon,

those on the other with a black ribbon, so that

each plane of focus would be observable even

though the planes overlapped (see Fig. 6-3).

NOTE: While students can obviously be "told"

about these phenomena, telling students is not as
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meaningful as helping them to make the

"discoveries" themselves using an inductive method

similar to that described here.

Top sheet

Bottom sheet

Tape

Slide similar to that in fig. 6-2

Figure 6-3. Side View of Slide Illustrating Two
Viewing Planes

Model 2 - Color wheeling and Dealing

The usual approach to teaching the color

wheel tends to be rather mechanical, requiring

little discovery on the student's part and, most

of the time, involving only memorization of

concepts and principles. A more inquiry-oriented

approach would be to allow the student, through a

guided inductive inquiry experience, to observe

visually what happens when primary colors are

mixed.
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This model comprises a very simple device

that is prepared by using three sheets of

transparency film. The three sheets are in the

primary colors of blue, yellow, and red. They

first are identified and then are arranged in a

circle so that each third of the circle contains

one of the three transparency films. The teacher

then displays them on an overhead projector and

defines them as the primary colors. A separate

set of blue, yellow, and red wedges are prepared

so that the teacher may direct student

observations that help them to learn about color

mixing.

Objectives. This device is designed to allow

students, through observations, to arrive at the

following conclusions:

1. Blue + Yellow = Green

2. Blue + Red = Purple

3. Red + Yellow = Orange

4. Orange + Blue = Brown

5. No other color combinations will produce the

secondary colors.
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6. The lightness of a color is a function of the

thickness or concentration of the overhead

transparency film.

Procedures. The teacher prepares a color circle

that contains the red, yellow, and blue

transparency films. These films are then shown to

the students so that they will know that they

represent the three primary colors. The students

are then asked to predict what might happen if the

red and yellow films were superimposed on each

other and to write dc'.:n their responses. The

teacher then lays the red strip on the yellow

strip, or vice versa, and the students observe the

resultant orange color.

The teacher next asks the question, "Does it

make any difference whether the red or the yellow

transparency is on top of or under the other?"

The students make predictions, and the teacher

places the red film on the yellow, and the yellow

on the red. The students then generalize that it

makes no difference which color is placed on

which, since orange is always produced when red

and yellow are mixed.
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The teacher repeats the same procedure using

blue and yellow and asks the students to make

predictions. The teacher lays a blue strip of

overhead transparency film on a yellow strip and,

of course the result is green. The teacher

reverses the order, superimposing a yellow strip

on a blue strip. The studen`q are again asked to

predict the color. Again, it is shown to make no

difference which strip is placed on which, for the

resultant color is always green. The teacher does

the same operation using blue and red transparency

film wedges, with the resultant color being

purple.

The teacher then displays the orange color,

which was made by mixing the red and yellow strips

of film, and asks the student to predict what

would happen if blue were superimposed on it.

After the predictions are made, the teacher lays

the blue strip on the orange color, producing a

brown color. The teacher then proceeds to mix

various transparency colors so that from the

primary colors the secondary colors of orange,

violet, and green are created. During the entire

procedure, the teacher repeatedly asks, "What
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would happen if we mixed these colors?" The

students make predictions, make observations, and

change their predictions based on their

observations.

The full color wheel may be impossible to

make unless a complete set of overhead

transparency films is available. However, a very

close approximation of a color wheel can be made

to show complementary colors.

The important aspect of this guided inductive

device is that students are given an experience

that requires them to make observations and to

change their predictions based on these

observations. Furthermore, the students will

observe that the amount of light coming through

seems to be reduced as the colors are mixed. The

teacher may ask for explanations for this

phenomenon (that more light is absorbed with

darker mixes). The relationship between the

amount of light and the darkness of a mix, as well

as the relationship between the amount of light

and "concentration," may be discussed.

Another procedure that can be tried is to use

solutions of water and food coloring to
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demonstrate the three primary colors. The water,

contained in separate small glass dishes, may be

placed on the stage of an overhead projector. The

teacher may then drop the food coloring into the

water, or the students may be asked to mix the

colors. The teacher can set up an experiment in

which concentrations of the food coloring may be

one variable and the amount of water the other.

In this case, sets of identical containers will

have varying depths of water but the same number

of drops of food coloring. The students are asked

to arrange the containers in some type of

observable pattern, and then to explain by what

variable the containers are arranged. The

expected response will be that the darkness or

lightness of colcr is the variable used. The

teacher then asks the students to try to match the

darkness or likeness of the colors. The students

then prepare different sets of solutions with

varying color darknesses. In all cases, the

students will collect data concerning their

observations and the techniques being used.

Depending on how the teacher wants the color-

mixing inductive technique to be conducted,
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students will probably make a chart that will show

the following: (1) the number of drops of food

coloring in a specific volume of water: and (2)

the number of drops of food coloring in different

volumes of water. The students will then begin to

discover the concept of concentrations being based

on the operational definition of lightness.

This model of guided inductive inquiry can be

controlled entirely by the teach r, or the

students can be involved in conducting all of the

trials. The essential elements of inquiry are

integrated into the lesson, and the students

become more active in a topic that usually does

not require involvement. The students can even

suggest additional "experiments." However, the

teacher has the choice of using either a dry

medium (that is, transparency paper) or a

solution, depending on the medium being used by

the class. But in either case, the students will

have learned a useful inquiry technique while

"color wheeling and dealing."

Questioning and Guided Inductive Inquiry

We have noted that teacher questioning plays an

important role in inquiry, because the purpose of
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inquiry is to pursue the "search," the "investigation."

To accomplish this purpose, the teacher becomes a

question-asker, not a question-answerer. Teachers who

are masters of guided induction inquiry will state that

they spend their time interacting with students but

provide very few answers.

What kinds of questions should a teacher ask?

Orlich and James M. Migaki, have categorized several

"stems" or lead-in questions for teachers who want to

have a more inquiry-oriented class environment. Of

course, what makes the set of stems so interesting is

that they are especially suitable for use in social

studies, science, and mathematics. But they are usable

in any class in which the teacher wants to stress the

process of inquiry.

If you are conducting an experiment, collecting

data, examining cause-and-effect relationships, or

analyzing events, then the following set of question

stems are very appropriate for challenging the student

to think.*

*The two sets of question stems are reprinted with the
written permission of The National Science Teacher's
Association. From: Donald C. Orlich and James M.
Migaki. "Watch your IN--Inquiry Questioning
Quotient," Science and Children, May, 1981, A, 20-21.
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What is happenin0
What has happened?
What do you think will happen now?
How did this happen?
Why did this happen?
What caused this to happen?
What took place before this happened?
Where have you seen something like this happen?
When have you seen something like this happen?
How could we make this happen?
How does this compare with what we saw or did?
How can we do this more easily?
How can you do this more quickly?

Note that this list is oriented to dyr.mic situations.

You may even think of a few more questions to add for

your own specialty or grade level. These stems are

probably best classified as prompting questions,

similar to those described in Chapter 4.

If you are examining more static living or

nonliving objects, the following stems will prove very

useful.

What kind of object is it?
What is it called?
Where is it found?
What does it look like?
Have you ever seen anything like it? Where? When?
How is it like other thiugs?
hOW can you recognize or identify it?
How did it get its name?
Wat can you do with it?
Wnat is it made of?
How was it made?
What is its purpose?
How does it work or operate?
What other names does it have?
How is it different from other things?
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Again, note that these prompting questions help the

stlident to understand better all kinds of

interrelationships, which is one of the desired goals

of inquiry teaching.

To elaborate on the role of questioning and

process-building the teacher of younger students can

use a series of pictures about where people live. This

guided inductive-inquiry project would be ideal in a

science class. The materials would consist simply of

pictures of various "typical" houses of the world.

which can be obtained from magazines. If you have no

sources o' such pictures, just ask the students to

bring in old magazines from their homes or from the

neighbors. In no time, you will have accumulated a

lifetime supply.

There are several ways you can approach this

lesson. The first may be to select houses that all

have some similar trait--for example, steep roofs, flat

roofs, white paint. The objective is to get the

students to observe patterns, similarities, and

differences--Again "process as content."

As a preliminary activity, you can conduct a

recitation involving tl,e whole class. (Later, we would

prefer you to subdivide the class into groups of eight,
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so that students may practice those discussion skills

or cooperative learning previously presented. Have the

students observe the pictures while you list their

observations on the chalkboard or, better yet, on

newsprint. By using the latter, you can tape the

newsprint to a wall and place the pictures on a table

next to it, thus allowing the students who did not seem

to master the process of inductive log'.c to practice

more on their own. But let us return to the lesson.

You may need to ask a series of questions about

the houses, the land, and other observable elements in

the picture. Then you begin to build toward a general

statement regarding all the pictures being studied.

When this statement is made by the class, successful

guided inductive inquiry is demonstrated. The lesson

can be reinforced by using other objects su,h as leaves

in the fall, old buttons in the winter, mittens,

whether or not the children wear mittens, the

children's feet, their hands, their earlobes--any

objects that can be classified, sorted, counted, or

contrastei. It is essential to keep reinforcing the

learning wherever possible simply by asking, "What do

we observe here?"

(
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The teacher with any initiative can use this type

of lesson at higher grade levels. For example, junior

high stLi.ients can determine the relative standards by

which houses are built in different areas of the world

and the reasons for the discrepancies. High school

students can , challenged to compute the energy costs

of heating or cooling systems and the effectiveness of

insulation in conserving energy. The teacher is thus

the organizer and expediter of guided inductive

inquiry, while the students are the active thinkers and

doers.

Unguided Inductive Inquiry

In the preceding text concerning guided inductive

inquiry, the teacher played the key role in asking the

questions, prompting the responses, and structuring the

materials and situations, and in general was the major

organizer of the learning. Guided inductive inquiry is

an excellent method by which to begin the gradual shift

from expository or deductive teaching toward teaching

that is less structured and more open to alternative

solutions. If the teacher senses that the class has

mastered the techniques of guided inductive inquiry,

then the teacher ought to introduce situations that are

still predicated on inductive logic but are more open-
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ended in that the students must take more

responsibility for examining the data, objects, or

events.

The basic science processes of observation,

inference, classification, communication, prediction,

interpretation, formulation of hypotheses, and

experimentation are all a part of unguided inductive

inquiry. The teacher's role is minimized, which causes

a concomitant increase in the students' activity. Let

us briefly summarize the major elements of unguided

inductive inquiry.

1. Th' thought processes require that the

learners will progress from si-Jcific observation to

inferences or generalizations.

2. The objective is to learn (or reinforce) the

processes of examining events, objects, and data and

then to arrive at appropriate sets of generalizations.

3. The teacher only controls the materials and

simply poses a question such as: "What can you

generalize from . . . ?" or "Tell me everything that

you can about 'X' after examining these. . . ."

4. The students interact with the specifics of

the lesson and ask 11 of the questions that come to

mind without further teacher guidance.
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5. Meaningful patterns are student-generated

through individual observations and inferences, as well

as those generated by others in the class.

6. The materials are essential to making the

classroom a laboratory.

7. There is usually an unlimited number of

generalizations that the learners will generate.

8. The teacher encourages a sharing of tha

inferences so that all students communicate their

generalizations with the class. Thus, others may

benefit from one individual's unique perceptions.

Unguided inductive inquiry provides a mechanism

for greater learner creativity. Also, the learners

begin to approach a genuinely authentic discovery

episode. For, as Kenneth A. Strike (1975) has argued,

discovery learning is approached when learners find out

something by themselves and come to know that fact.

Strike refers to this process as relative discovery- -

that is, the event may have been known to others prior

to the time the learner disrmvered it by himself or

herself.

When the teacher begins to use unguided inductive

inquiry, a new set of teacher behaviors must come into

play. TI :eacher must now begin to act as the

266
254



"classroom clarifier." As students begin to make

generalizations, predictably errors in student logic

will appear, students will make too broadly stated

generalizations, infer too much from the data, assign

single cause-and-effect relationships where there are

several, and assign cause-and-effect relationships

where none exist.

Thus, the teacher patiently examines the learner

in a nonthreatening manner to verify the conclusion or

generalizations. If errors exist in the student's

logic or inferences, these should be pointed out. But

the teacher should not tell the student what the

correct inference is, for this would defeat the purpose

of any inquiry episode.

We suggest that during initial unguided inductive

experiences, the students should work alone. However.

research by Johnson and Johnson does support students

working in pairs or triads, where group members share

the leadership roles. A group report then makes it

essential that the group cooperate. Students who

quickly demonstrate an aptitude to use the inductive

method successfully in an unguided fashion can be

assigned to act as tutors for those having trouble.
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Some Unguided Inductive Inquiry Techniques

What are some tested ideas that can be used as

prototypes to encourage teachers to seek appropriate

inductive learning experiences that can be incorporated

into an ongoing lesson? Below are but a few

activities.

1. Collect several dandelion flowering heads.

Count the number of parachute seeds on each. Make a

graph of the results for each flower.

2. Measure the height of some local weed as it

grows in the shade and as it grows in the sunlight, and

compare those findings.

3. Count the number of leaves on the limb of a

small tree.

4. Count the number of vehicles that pass a

specific point during a given hour. Then recount the

number of vehicles that have only one person--the

driver. Then count the number of venicles by types- -

large cars, small cars, trucks.

5. Tabulate the highest and lowest temperature

readings for several cities for a month or even a year.

6. Count the number of persons who pass a given

point in the school lunch line.
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7. Tabulate the exact number of minutes that

commercials appear on given television shows.

8. Count the number of windows that can be seen

in all the houses on one block.

9. Tabulate the number of clear-sky days your

town has. Share this information with some school in

another city in a different part of the country. To

initiate these activities you could have the students

make a list of possible hypotheses.

The advantage of these activities, is that t:sy

can all be tested. The students do research to verify

their hypotheses. They soon realize that their

hypotheses are untenable. The reality dimension of

such inquiry exercises helps to develop logical

processes in the child's method of looking at nature.

These data inquiry challenges can be great

stimulators of classroom discussions. Data exist for

every grade level experience and for every possible

subject, ranging from alt to zoology. It is also

possib: to present data in such a way that students

must either interpolate (predict what should have come

earlier) or extrapolate (predict later outcomes).

Teachers can control the flow of data (information) so

that predictions .say be made and justified. Evidence,
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facts, and their interpretatjon all become more

meaningful to the students ih:Zead of being merely

words in a book.

With the passage of PL 94-142, all teachers at all

grade levels will have learning-disabled students--in

some cases, mentally or emotionally retarded students- -

as members of their regular classes. These students

will need to use tangible tools to learn the

fundamentals of inquiry. This requires that teachers

prepare added sets of materials for these students. We

frequently prepare graphs for the overhead projector so

that a group may work together in the process.

Lest you become discouraged, remember that not all

"regular" children will be at the same learning status

either. Students regularly transfer in and out of

schools. Thus, you must establish mechanisms by which

these "transfer" students are quickly integrated into

all class activities. You learned about the use of

tutorial groups, task groups, and cooperative learning

which are techniques that you may employ under these

circumstances. Let us expand on classroom transfers.

It is not unusual to have a 15 to 30 percent turnover

of children in any one class. Some teachers have

informed us of over 50 percent turnover. In these
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classes a cooperative learning strategy might be one

that helps newcomers achieve and become involved.

We are suggesting that any teacher at any level

has some information that poses questions for which

there are no answers. By providing this information to

the students, the teacher initiates unguided inductive

inquiry. To be sure, we do not assign exercises just

for the sake of having the students do them. Exercises

must be correlated with the learning objectives or

goals that you have selected for the unit, chapter, or

module. Some topics lend themselves easily to

inductive inquiry while others do not. You must decide

on these topics.

For example, Russell M. Agne (1969) of the

University of Vermont uses original data in the

teaching of earth science. H2 presents radiosonde data

in tabular form, providing learners with the barometric

pressures for various altitudes in one-kilometer

increments. The learners are given both guided and

unguided exxcises to complete. Other original data

provided by Agne include temperatures at varying

altitudes, solar radiation data, mean annual

temperatures, and other "real" data.
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Again, a word of caution must be mentioned. You

do not suddenly begin to use inquiry without

preparation. You plan for experiences that are

meaningful and relevant. For language arts classes,

the local newspaper is one of the finest and cheapest

resources for raw data. Have the students examine the

news stories of the local "scandal sheet" as well as

those of various cities around the state or country.

Let them make generalizations about such matters as

editorial positions, the use of propaganda and

persuasive techniques, and the ways of slanting (or

biasing) stories--on science related issues, of course.

Although we have not emphasized the process of

classification in the inquiry modes, we wish to mention

that, as humans, we constantly classify everything in

our lives--such as people, objects, baseball games,

suits, houses, cars, movies, and TV shows. One of the

generalizations that will quickly emerge as you use

inductive modes is that there is no one way to classify

anything. Your students will arrive at usable

classification schemes that you may not have thought

existed.

One of our favorite classification exercises

involves the "old button box" device. Obtain as many
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buttons as you can from a "scavenger hunt" and place

them in a bag. Then ask each class member to establish

a classification scheme for the buttons that he or she

has. We guarantee that you will be surprised at the

number of characteristics that the students will

observe as being useful in classifying their buttons.

Classification exercises can lead to some elements

of evaluation as we know it in Bloom's Taxonomy.

Evaluation, as you recall, i3 conducted using

explicitly stated criteria. But how does one classify

or evaluate the criteria? Utility has to be one

consideration. There are others, but allow the

students to determine them for themselves.

About the Inductive Method

Perhaps you have been taught that the inductive

method of inquiry is "the method of science." If so,

you have been somewhat led astray. lz be sure,

scientists use inductive methodologies. But detailed

analyses of scientific thought by Karl R. Popper (1959;

originally published in 1934) and, more recently, by

Thomas S. Kuhn (1962) show that modern science is

characterized more by hypothetico-deductive reasoning

than by pure inductive logic. However, inductive logic

is a basis for inference building, and scientists



typically rely on theories or working hypotheses on

which to base their "inductive experiments." This

means that modern-day empiricism is undergirded by

theoretical propositions. Actually, Popper argues that

there is no such thing as theory; there are only

testable hypotheses. The longer a hypothesis stands

the tests of experimentation and predictability, the

more it gains "respect" in the scientific community.

Emerging social science fields such as sociology,

psychology, and anthropology, to list three, are now

developing substantial bodies of testable theory--that

is, working hypotheses. The worth of any theory or

hypothesis is its ability to predict future events.

The so-called hard sciences--chemistry and physics- -

have had a long tradition of hypotheses that have stood

the rigors of experimentation and prediction.

Physicists and chemists proudly state that without the

strong theoretical commitment those disciplines have,

they would be unable to function in the laboratory to

conduct systematic research.

Compare this position to teaching or education.

In our field, there are few testable hypotheses that

can help the teacher to teach better. Thus, the state-

of-the-art for education is far behind that of the
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other social scien:es. Perhaps you have complained

that education courses "have to much theory." We

argue that you have been exposed to too much

unconnected, inductive logil in the form of classroom

anecdotes, without the necessary theoretical structure.

P:mblem-Solving

A curricular model that could have had an even

greater impact on the schools was that advoce'ed by

John Dewey, a seminal writer who published extensively

from 1884 to 1948. Among his major educational

contributions was his advocacy of a curriculum based on

problems. He defined a problem as anything that gives

rise to doubt and vrcertainty. This theory is not to

be confused with the "needs" or "interest" theories of

curriculum. Dewey did have a definite idea of the

types of problems that are suitable for inclusion in

the 'urriculum. The problems that Dewey promoted had

to meet two rigorous criteria: (1) the problems to be

studied had to be important to the culture; and (2) the

problems had to be important and relevant to the

student.

It is very apparent that many curriculum projects

developed between 1958 and 1970 in science tended to be
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based on Dewey's problem-solving approach. Most

contemporary curricula and a large majority of

textbooks suggest "problems" to be solved by students.

Some of the curricula nat you may encounter will

stress elements of inquiry, discovery, or problem-

solving. Contemporary curricula, aspecially

interdisciplinary ones such as environmental studies,

rely heavily on the two criteria that were first

suggested by Dewey. If you assign "research reports"

to Le prepared by your students, you will be using

elements of problem-solving. Again, we caution that

the use of this technique, like any inquiry method,

requires careful planning and systemic skill-

building.

Understanding the Implications

Implicit within the framework of problem-solving

is the concept of "experience." This concept assumes

that activities that students attempt under the

school's direction will produce certain desirable

traits (or behaviors) in those individuals, so that

they will be better able to function in our culture.

Furthermore, the experiences provided by the schools

should articulate the content and the process of
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knowing. Both knowing what is known and knowing now to

know are important objectives for the learner.

Ideally, the learners should independently

identify a problem that should be studied, following

those steps illustrated la Figure 6-1. For an example,

see the following classic illustration of proLlem-

solving taken from a work of that eighteenth - century

bon vivant, Jean Jacques Rousseau. In his book Emile,

originally written in 1762, Rousseau made a strong

appeal for an educational system predicated on, among

other criteria, relevant experiences for youth. In one

sense, his notions precede those of John Dewey. Quoted

here is one episode in which Rousseau and his little

charge, Emile, operationally define the solving of a

problem.* Note how interestingly the concepts of

experience and relevance are blended. For those of you

who favor the "open" school, ask yourself whether cr

not this is an ideal to which you subscribe.

I do not like verbal explanations. Young
people pay little heed to them, nor do they
remember them. Things! Things! I cannot repeat
it too often. We lay too much stress upon words;
we teachers babble, and our st-nolars follow our
example.

*From Emile by Jean-Jacques Rousseau, translated by
Barbara Foxley. An Everyman's Library Fiition.
Reprinted by permission of publisher in the United
States, E.P. Dutton. Permission for Canadian
reprinting granted by J.M. Dent & Sons LTD, Publisher.
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Suppose we are studying the course of the sun
and the way to find our bearings, when all at once
Emile interrupts me with the question, "What is
the use of that?" What a fine lecture I might
give, how many things I mighl_ take occasion to
teach him in reply to his question, especially if
there is any one there. I might speak of the
advantages of travel, the value of commerce, the
special products of different lands and the
peculiar customs of different nations, the use of
the calendar, the way to reckon the seasons for
agriculture, the art of navigation, how to steer
our course at sea, how to find our way without
knowing exactly where we are. Politics, natural
history, astronomy, even morals and international
law are involved in my explanation, so as to give
my pupil some idea of all these sciences and a
great wish to learn them. When I have finished I
shall have shown myself a regular pedant, I shall
have made a great display of learning, and not one
single idea has he understood. He iv longing to
ask me again, "What is the use of taking one's
bearings?" But he dare not for fear of vexing me.
He finds it pays best to pretend to listen to what
he is forced to hear. This is the practical
result of our fine systems of education.

But Emile is educated in a simpler fashion. We
take so much pains to teach him a difficult idea
that he will have heard nothing of all this. At
the first word he does not understand, he will run
away, he will prance about the room, and leave me
to speechify by myself. Let us seek a more
commonplace explanation; my scientific learning is
of no use to hi.d.

We were observing the position of the forest to
the north of Montmorency when he interrupted me
with the usual question, "What is the use of
that?" "You are right," I said, "Let us take time
to think it over, and if we find it is no use we
will drop it, for we only we. t useful games." We
find something else to do and geography is put
aside for the day.

Next morning I suggest a walk before breakfast;
there is nothing he would like better; children
are always ready to run about, and he is a good
walker. We climb up to the forest, we wander
through its clearings andclose ourselves; we have
no idea where we are, and when we want to retrace
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our steps we cannot find the way. Time passes, we
are hot and hungry; hurrying vainly this way and
that we find nothing but woods, quarries, plains,
not a landmark to guide us. Ve- hot, very tired,
very hungry, we only get further astray. At last
we sit down to re7t and to consider our position.
I assume that Emile has been educ-tee like an
ordinary child. He does not think, he begins to
cry; he has no idea we are close to Montmorency,
which is hidden from our view by a mere thicket
but this thicket is a forest to him, a man of his
size is buried among bushes. After a few minutes'
silence I begin anxiously--

Jean Jacques:

Emile:

Jean Jacques:

Emile:
Jean Jacques:

Emile:
Jean Jacques:

Emile:

Jean Jacques:

Emile:
Jean Jacques:
Emile:
Jean Jacques:
Emile:

My dear Emile, what shall we do to
get out?
I am sure I do not know. I am
tired, I am hungry, I am thirsty.
I cannot go any further.
Do you suppose I am any better off?
I would cry too if I would make my
breakfast of tears. Crying is no
use, we must look about us. Let
us see your watch; what time is
it?
It is noon and I am so hungry!
Just so; it is noon and I am so
hungry too.
You :t be very hungry indeed.
Unluckily my dinner won't come to
find me. It is twelve o'clock.
This time yesterday we were
observing the position of the
forest from Montmorency. If only
we could see the position of
Montmorency. If only we could
see the position of Montmorency
from the forest- -
But yesterday we could see the
forest, and here we cannot see the
town.
This is just it. If we could
only find it without seeing it.
Oh! My dear friend!
Did not we say the forest was- -
North of Montmorency
'hen Montmorency must lie- -
South of the forest.



Jean Jacques:

Emile:

Jean Jacques:
Emile:
Jean Jacques:
Emile:

Jean Jacques:

Emile:

We know how to find the north at
midday.
Yes, by the direction of the
shadows.
But the south?
What shall we do?
The south is opposite the north.
That is true; we need only find the
opposite of the shadows.
That is the south! That is the
south! Montmorency must be over
there! Let us look for it there!
Perhaps you are right; let us
follow this path through the wood.
(Clapping his hands.) Oh, I can
see Montmorency! There it is,
quite plain, just in front of us!
Come to luncheon, come to dinner,
make haste! Astronomy is some use
after all.

Be sure that he thinks this if he does not say
it; no matter which, provided I do not say it
myself. He will certainly never forget this day's
lesson as long as he lives, while if I had only
led him to think of all this at home, my lecture
would have been forgotten the next day. Teach by
doing whenever you can, and only fall back upon
words when doing is out ,f the question.

The reader will not eApect me to have such a
poor opinion of him as to supply him with an
example of every kind of study; but, whatever is
taught, I cannot too strongly urge the tutor to
adapt his instances to the capacity of his
scho.,ar; for once more I repeat the trick is not
in what he does not know, but in what he thinks he
knows.

Thg_Teacher's Role

When using probler-solving with learners, the

teacher must constantly play the "great clarifier"

role. The teacher must always help the learners to

define precisely what it is that is being studied or
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solved. problem- solving methodologies focus on the

systematic investigation of the students' problems.

The students et up the problem, clarify the issues,

propose ways of obtaining the needed information or

data to help resolve the problem, and then test to

evaluate the conclusions. In most cases, the learners

will establish written hypotheses for testing. We

cannot overemphasize the fact that students need

continual monitoring by the teacher. Problem-solving

demands that the teacher continually receive "progress

reports" from those students engaged in the

investigative process.

Students are not simply allowed to follow their

whims. Problem-solving requires the building of close

relationships between students and teacher. It also

involv's a systematic investigation of the problem and

proposing of concrete solutions. Let us present

two case histories of real problems that took place in

a Boulder, Colorado, high school and in a Massachusetts

elementary school.

Examples of Real Problem-Solving

Boulder, Colorado, is situated on the eastern

terminus of the great Rocky Mountain Range. The

picturesque setting has all the natural beauty that is
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shown in scenic books and chamber of commerce

brochures. Cascading down the mountains is Boulder

Creek. It enters the city of Boulder afi an

uncontaminated, clear, cool stream. Unfortunately, it

does not leave in tne same state. Awareness of this

condition prompted a group of high school students to

raise the question: "What are the contributing causes

of this problem?" Thus the group went to work in

setting up a plan of investigation.

It soon became apparent that the class had to seek

help from the chemistry teacher, for if a group is to

determine what types of pollutants are present, the

water must be chemically analyzed along several points

of the creek. This development presented the need for

cooperation--that no one person could complete the

total investigation alone and that others had to be

brought in for "expert" advice. While the chemical

analyses were being conducted, another group took a

series of temperature readings and depth soundings to

determine the temperature fluctuatioi. along the

creek's course as it flowed through the city. Other

small groups attempted to locate users of the creek's

water.
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Thus, a heuristic approach was utilized to

investigate this problem. By using a heuristic method,

the larger problem was subdivided into specific or more

manageable components. The authenticity of the problem

was apparent, so the teacher did not have to establish

the credibility of the study. Furthermore, all student

hypotheses could be tested in the real world. The

group proposed the ways of obtaining information and

then evaluated the worth of the data that had been

collected.

To conclude this case study, these students found

out that the major polluter of the creek was, in fact,

the University of Colorado's maintenance department.

The university would simply flood the lawns on the

campus, not tc drown the Hippies, as one student

hypothesized, but to irrigate the lawns in the mrst

economical manner. The only trouble with that system

was that it raised the temperature of the water and

contributed the nitrates and phosphates that were used

to fertilize the lawns. When the final report was

duplicated, one copy was presented to the president of

the university and another was sent to the local paper.

Needless to say, the university changed its watering

methods, and the creek was less polluted than before.
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In a similar vein, children in a Massachusetts

elementary school collected data and presented it to

their local school board showing that at a major

intersection there was a grievous safety problem. The

students hen showed how an overpass walk could be

constructed and even contacted architects to obtain

estimates of the cost of such a structure. The school

board was impressed and so was the city council, for

the walk was constructed later just as the elementary

school children had proposed.

These are just a couple of case studies of

students using problem-solving in the real world. Such

examples are a bit dramatic, although they do not all

have to be. For instance a class may observe problems

in the immediate school environment--parking, lunch

lines, locker rooms, or noise--and may begin to

investigate these problems with the idea of creating

alternatives to the existing situations.

Some Steps in Solving Problems

Problem-solving implies a certain freedom to

explore the problem and to arrive at a possible

solution. One tackles a problem to achieve objectives

and not simply to use the process of inquiry per se.
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The following steps are associated with the problem-

solving technique:

1. Becoming aware of a situation or event that is

labeled a "problem."

2. Identifying the problem in exact term.

3. Defining all terms.

4. Establishing the limits of the problem.

5. Conducting a task analysis so that the problem

may be subdivided into discrete elements for

investigation.

6. Collecting data that are relevant .o each

task.

7. Evaluating the data for apparent biases or

errors.

8. Synthesizing the data for meaningful

relationships.

9. Making generalizations and suggesting

alternatives to rectify the problem.

10. Publishing the results of the investigation.

Obviously, if you decide to use a problem-solving

episode in your classes, you must realize that it will

last for a period of days or even weeks. During that

time, other learnings may be accomplished as well--for

example, using of reference books, writing for
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unavailable informatiln or data, learning how to

interpret data, prt:1.Jnting progress reports to the

class, and learning how to take responsibility for the

conduct of a task.

If the problem allows for other independent study,

that also may be arranged. The teacher may be able to

conduct both the problem-solving episodes and the

elements of the "regular" class lessons. In many

cases, there are time lapses between phases of the

problem-solving procedures. The teacher should make

appropriate use of such time so that it will not be

wasted.

The students will experience a sense of

accomplishment in problem-solving. We suggest that the

teacher plan for a systematic evaluation of the

episode. Yor can adapt the evaluation forms presented

in the treatment of discussions. In this manner, both

the teacher and the learners will be able to benefit

from the experience. Problem-solving, then, is one

more inquiry technique that is available for making

schooling a more memorable experience.
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Discovery Learning

Who really discovered America? Leif Ericson seems

to have been the first European to visit our shores.

However, Christopher Columbus gets the credit for the

discovery simply because he announced it first, while

the territory is named for Amerigo Vespucci because he

knew he had landed on a brand new continent and not in

India. Thus the defining of discovery is difficult.*

Dictionary definitions of discover carry

connotations. that go beyond the denotations. For

examples, examine the following definition quoted from

Webster's New Collegiate Dictionary (1979):*

discover . . . 1 a: to make known or visible:
EXPOSE b archais: DISPLAY 2: to obtain sight
or knowledge of for the first time: FIND the
solution of a puzzle) vi: to make a discovery--

syn 1 see REVEAL
2 DISCOVER, ASCERTAIN, DETERMINE, UNEARTH, LEARN
shared meaning element: to find out something not
previously known to one
3 see INVENT

With all these connotations for one term, it is not

surprising to observe so much confusion in the use of

the word in the field of education. This is not to be

*We thank Kenneth A. Strike (1975) for the idea.
*By permission. From Hebster's New Collegiate
Dictionary c 1979 by G. & C. Merriam Co.,
Publishers of the Merriam-Webster Dictionaries.
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construed as derogating the technique of discovery; it

is merely meant to show the possibilities attending the

state of the art.

The terms discovery learning and inductive methods

are often used in place of the same generic term of

inquiry. We shall differentiate among these so that

each method will be better understood. Induction is a

method of logic, while discovery is a method by which

thoughts are synthesized to perceive something that an

individual has net known before. In this vein, Kenneth

A, Strike's (1975) comprehensive analysis of the logic

associated with discovery learning may be of immediate

use. Strike establishes two categories of discovery:

absolute discovery and relative disco.ary. The former,

absolute discovery, is that attributed to those classic

firsts - -the discovery the DNA molecule's

reproduction mechanism, America, new planets, theories,

or synthetic materials. The latter, relative

discovery, is used when an individual has learned or

found out something for the first time.

Strike also presents four modes of discovery:

(1) knowing that; (2) knowing how; (3) discovering

"...tat; and (4) discovering how. Finally, he provides a

basic criterion that is essential for any act to be
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labeled a discovery. The discoverer must communicate

both the what and the how to others. Thus, if you do

discover the "Lost Dutchman Mine" in Arizona and do not

tell a single individual, you have not made a

discovery.

The four modes of discovery that Strike presents

are very consistent with the thirtkIn major science

processes that were described previously.

Communicating is a major inquiry process and is very

much a part of discovery. Also, the model that Strike

describes implies that learners must "know" something

before they can "discover" something. Content,

knowledge, fact, and processes are all very much a part

of the discovery strategy.

Although there is much luck involved in dit::overy,

it must be remembered to quote from Louis Pasteur that

"chance favors the prepared mind." Even though there

is a trial-and-error element associated with discovery,

the most important discoveries made by scientists are

the result of careful observation and systematic

research. Discovery makes use of the same processes

and skills that were described for inductive inquiry

and problem-solving. This should come as no surprise,

since we have already emphasized the idea that inquiry,

239
277



by its very epistemological nature, requires systematic

conduct, not haphazard bungling. (Note: The method by

which knowledge of a field is determined, as well as

the limits and validity of that knowledge, constitute

the science of epistemology. Inquiry-related

techniques are based on the epistemology of empiricism.

Observations, experiences, experiments, and

replications are the techniques of empiricism--and of

inquiry).

Examples of Discovery Learning

The Black Widow Spider - Judith Miles of

Lexington, Massachusetts, wondered how spiders would

spin webs under the effects of weightlessness. The

subject of her curiosity was one of nineteen Skylab

Student Projects conducted in the National Aeronautics

and Space Administration (NASA) earth-orbiting space

station in 1973. The Skylab Project placed three

astronauts above the earth for 28 days. Judith's

experiment demonstrated that a black widow spider was

initially "confused" and did not spin the appropriate

web pattern. But within a relatively short time, tho

spider did, in fact, spin the appropriate web!

Is this an example of problem-solving or

discovery? We think that it fits in the category of
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absolute discovery because it was the first time that

anyone had communicated the problem and had completed

the research. Her science teacher, Mr. J. Michael

Conley, had encouraged Judith to enter her idea in a

contest sponsored by the National Science Teachers

Association in conjunction with NASA. This

demonstrates the partnership that develops when

learners and teachers share in the excitement of

inquiry.

Mystery Island - Not all discovery learning needs

to be as dramatic as the NASA experiment. One

technique that is commonly used to generate the fun and

discipline accompanying the conduct of inquiry or

discovery is to utilize the overhead projector and to

present an event that requires student analysis. Jack

Zevin (1969) reported on how to make use of a set of

overlays that depict an unnamed island. The stimulus- -

the overhead projection--is presented in a group mode.

The initial projectile shows the outline of an island.

The map contains some standard clues to the island's

general world location such as topographical symbols,

rivers, Ind latitude and longitude symbols. This

device is used primarily to focus the learner's

attention on the event or to motivate inquiry.



The episode usually begins with the children being

told that the island is uninhabited and that they are

going to be the first persons to land on it. Their

task is to choose where they will settle and to justify

their choices. Ultimately the children are given other

tasks such as to find the places that may be the best

for farming, industries, railroads, harbors, airports,

resorts, and the like. Inferences concerning rainfall,

winds, deserts, and other natural phenomena can all be

generalized by the students.

One can argue that mystery island is simply an

inductive exercise. To be sure, induction is used; so

is problem-solving and the application of previously

learned skills and content. This stimulus does allow

children to know "that" and "how" and to discover

"that" and "how." The use of this device has unlimited

opportunity for student inquiry.

Assumptions About Inquiry

Perhaps this topic should have been the very first

in the chapter. However, if we gave the rules first,

followed by the activities, we would be using a

deductive approach rather than an inductive one.

Recall that the method espoused by J. Richard Suchman

is an inquiry technique based on deductive modes of
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logic. But it must be thoroughly understood that all

inquiry exercises are predicated on selected

assumptions about both learning and learners.

Several writers have addressed the a-Laumptions

about inquiry learning. The following list is a

synthesis of collective views.

I. Inquiry requires that the learner develop the

various processes associated with inquiry, which

include those basic thirteen processes of science and

those presented in this chapter.

2. Teachers and principals must be supportive of

the concept of inquiry teaching and must learn how to

adapt their own teaching and administrative styles to

the concept.

3. Students at all ages and levels have a genuine

interest in discovering something new or in providing

solutions or alternatives to unsolved questions or

problems.

4. The solutions, alternatives, or responses

provided by the learners are not readily located in a

textbook. Reference materials and textbooks are surely

used during inquiry lessons, just as real scientists

use books, articles, and references to conduct their

work.
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5. The content of inquiry is often process. In

many instances, the product or solution will be

relatively unimportant compared to the processes that

were used to arrive at it.

6. All conclusions must be considered relative or

tentative, but not final. Since inquiry depends mainly

on empirical epistemology, the students must also learn

that, as new data are discovered, conclusions tend to

be modified.

7. Inquiry learning cannot be gauged by the

clock. In the real world, when people think or create,

it is not usually done in 50-minute increments.

8. The learners are responsible for planning,

conducting, and evaluating their own efforts. It is

essential that the teacher play a supportive role, but

not the active role of doing the work.

9. Students have to be taught the processes

associated with inquiry in a systematic manner. Every

time that a "teachable moment" arrives while the class

is being conducted, the teacher should immediately

capitalize on it to further the building of inquiry

processes.
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10. The work of the teacher is usually increased

owing to the many interactions that may emanate from

inquiry teaching/learning.

11. Materials are nearly always needed for

observation or manipulacion.

Tills set of assumptions is presented so that you

will understand better the theoretical bases on which

inquiry rests. The more of these assumptions that your

classes measure up to, the closer will your classes

approach becoming learning laboratories in the truest

sense of the term.

One last note, John I. Goodlad (1984) discussed

the "flatness" of teachng in America's schools.

Teachers tend to use only lecturing, testing, seat

work, and recitations as the methods of instruction.

We are making a plea for instructional "richness".

Inquiry is the basis for understanding. Students not

only know "what", but "why." And that is

understanding.

In summary, our rain intent has been to illustrate

a general technique that has long been considered the

exclusive domain of science teachers. We wish to

clarify this false assumption; inquiry strategies, in

fact, belong to all disciplines and to all grade
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levels. The only real limitation to the technique is

the teacher's initiative.
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CHAPTER 7

CLASSROOM MANAGEMENT

Classroom management is a term which is often used

interchangeably with classroom discipline. In reality,

these terms are quite different. Classroom management

emphasizes developing and maintaining a well-run

classroom, whereas classroom discipline is a much

narrower term which relates to dealing specifically

with children's behaviors that are disruptive.

Some of the essential elements in establishing an

effective system of classroom management include

scheduling, classroom rules, storage and circulation of

classroom papers and materials, and establishing

classroom routines. While good classroom managers are

inherently excellent teachers, excellent teachers will

have well established patterns of classroom management.

Good classroom management requires a specific

commitment made long before the students enter the

classroom. It evolves out of a philosophy of being

positive rather than negative. Primarily, it is

helping a student adjust to the requirements of his or

her school environment.
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Clearly defined patterns of proper conduct endorse

rather than hinder student-teacher and student-student

relationships. Through working cooperatively towards

mutually recognized goals, distractions and behavioral

disturbances which would normally interfere with the

optimum functioning of the student and classroom are

kept to a minimum.

It is important that as a teacher you very

carefully screen as many of the patterns of classroom

management as you can determine and sort them into

three categories: (1) those which you feel are

imperative to maintain the type of classroom atmosphere

which you would like and must be self-imposed, (2)

those which you determine that there is some latitude

but you would like to establish initially, and (3)

those which you feel open and receptive to student

feedback and decision-making.

Permissive teaching is not humanistic teaching.

It is just plain disoranized teaching. It is difficult

for a child to adjust to the requirements of the

environment if he or she is not aware of the rules and

procedures by which to direct personal behavior. Good

classroom management emphasizes helping a child adjust

rather than punishing a child for having not adjusted.
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Therefore, insure that you have spent a sufficient

period of Mme establishing patterns of appropriate

oehavior before the students enter the classroom. For

many younger students, just having to analyze and

respond in a group of 20-30 new peers is already a

serious, traumatic experience much less having to, at

the same tine, try to determine the limits of

acceptable behavior established by the classroom

teacher.

The importance of having a well established

classroom routine cannot be overly emphasized. In

interviews with young adolescents who were asked, "How

long does it take you to read a teacher?", the most

common responses were "one period" and "2-3 days."

When this is considered, the stark reality of what you

do the first week of school establishes what you live

with in terms of student behavior throughout the year

becomes obvious: Nay - make it Day One!

The ultimate achievement of good discipline is

self discipline on the nart of the students. It is a

classroom in which students assume acceptable behavior

because that is the thing to do. In a well-managed

classroom, disruptive behavior becomes a conscious

effort on the part of the student. The classroom
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atmosphere is one in which acceptable behavior is the

normal pattern and each pupil knows what the acceptable

behavior patterns are at all times. Excellent

classroom control is most often reflected by an absence

of teacher behaviors di.ected towards maintaining

classroom control.

What then are teaching behaviors which promote a

positive classroom atmosphere? Consider the following

suggestions.

1. Never allow students to make a decision unless

you are willing to accept the decision they make.

Trust quickly subsides if you renege on a decision made

through student interaction. If you are not willing to

accept a group decision, don't bring it up as a choice.

2. Punishment and reward is a poor approach. If

we establish punishment and reward as our basic system

of classroom management, we are creating an autocratic

social system dominated by the presence of an

omnipotent decision-maker who is the ultimate

authority. With the structure of modern society, our

power over children is sharply diminished. Children

will generally only develop a greater power of

resistance and defiance after punishment. With the

greater realization of democracy as a way of life, and
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recent legal decisions, we can expect children to make

a conscious effort to assert "their rights."

Rewarding can be as bad psychologically as

punishment. It is based on the same model, one in

which there is an ultimate autocratic authority in the

classroom. A reward-based program establishes a system

of payoff for acceptable behavior and establishes a

classroom atmosphere of "what's in it for me?" In a

good system of classroom management, discipline is

maintained by inner stimulation rather than by pressure

in the form of punishment or reward. Try to establish

a system of mutual respect, one in which a job is done

because it needs aoing.

3. Assume a disposition which is firm but not

dictatorial. Children need limits and as the leader in

the classroom, it is important that the teacher define

these limits. There is a differencL between domination

and firmness. Domination implies impressing one's will

upon the child, wnereby, firmness refers to maintaining

established roles which are consciously known by all of

the individuals in the classroom, including the

teacher. Remember, we teach more by what we do than

what we say.
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4. Maintain a humane classroom climate. Steve

Dachi, (1979) defined a humane climate as having two

goals: "(1) To provide through the school a wholesome,

stimulating, and productive learning environment

conducive to academic acLievement and personal growth

of youth at different levels of development, and (2) to

provide a pleasant and satisfying school structure in

which young people can live and work."

The crucial element in this regard is the teacher.

Behaviors which are among the most important are

amiability, open-mindedness, courtesy, being an active

listener, and developing good self control.

In summary, classroom management is a process of

teaching and limiting. It is a gradual process of

imparting acceptable modes of behavior and instilling a

sense of values which convey love, fairness, concern,

and interest towards others and support for the ideas

of a democratic society. Students need guided

experiences and models, geared to their own age and

level of maturity, in developing inner controls to

develop self-operating limits. We have succeeded if we

nurture students to a point where we have established

trust, respect for each individual, and a capacity to

control iiunediate desires to gain the rewards of longer
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term satisfactions and achievements. Effective

classroom management is to plan carefully so that

students have a clear awareness of the limits of

acceptable behavior, and to live what you want to

teach.

The above are one of the basic tenets for

effective classroom management. Let us now focus on

specific aspects of science class management.

Managing Materials and Children for Inquiry

It has been our personal experience in working

with virtually hundreds of elementary school teachers

and administrators that their greatest problem is the

preparing, organizing, distributing, and collecting of

materials needed for any activity-oriented science

program. Even if the program that you use has a "kit,"

many tasks must be accomplished before it can be used

by the students. Here are a few tested "tips of the

profession" from teachers who have eliminated this

anxiety.

Using the Class Members as Helpers

The critical element in materials management is to

involve one student or a small group of students in

every management activity. In one sense, this means
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making every science period similar to a birthday

party, including the packages. The only difference

between a party and science is that in your classroom,

the packages will be those essential components from

the science kit or, if you do not have an organized

kit, the materials from the science center. (If you

have no center, we will cover that problem, too.)

Recall from the previous work how you can easily

establish small task groups. Well, you accomplish that

exact task as an initial experience when beginning to

teach science. Identify several groups of four. Allow

each group to select a group name--Vikings, Seahawks,

Gophers, Stars--and then place each team name on a

small wheel. Along the outside of a larger wheel write

a series of activities that must be accomplished. Then

each time you teach science, move the wheel one "notch"

so that all students participate in the materials

management aspects of the science program. Figure 7-1

illustrates such a device. (Again, note that is a

precursor for smal group or cooperative learning.)

But, back to the first science lesson, assuming

that a kit is in use. Assign some seat work to the

class and then gather your first group together to open

the boxes in which the science materials are packed.
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We have watched students from 5 to 14 years of age

become very emotionally involved in this activity as

every package is a mystery.

You give some general directions, such as "Joan

and Suzie, take the big box down to the custodian for

storage." In this manner, the packing crate or box is

disposed of in a proper manner. Then give the

remainder of the students specific instructions on how

to inventory the items. You will find that each kit

comes with some type of inventory checklist. By

checking what is available immediately upon unpacking,

you will know what materials need to be requisitioned

from the office or delivered from the school district's

central storage facility.

Figure 7-1. Science Classroom Task Organizer
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Make yourself familiar with the organization of

the kit. If a "map" of the kit is neither included in

the kit nor available through your central office

curriculum staff or science consultant, have your

students draw one for your use. The map should

identify the trays and drawers, as well as the contents

of each.

If your science program does not have a kit, then

you and your students must become "explorers" in order

to assemble the necessary equipment and supplies. The

easiest way to handle the problem is to refer to the

teacher's or student's guide. Make a list of the

needed materials or equipment, locate them, give the

list to a small group of students, and send them off to

the storeroom or to wherever such materials are kept.

One way that you can collect materials beyond what

must be provided by the school district to implement

the science program is to send home a "scavenger hunt"

announcement. List all the inexpensive items of

equipment or supplies that people tend to have around

their house or apartment. Again, the class will be the

key to the success of the scavenger hunt. Schools that

sponsor scavenger hunts often receive more materials
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than they can possibly use and can then share their

good fortune with schools needing similar items.

When the materials have been gathered for the

lesson, you must then develop a system that the

students can use to organize the materials. Use shoe

boxes, or any similarly sized boxes, for storage. Have

teams of students label each box as to its contents

and, most importantly, the concept it is being used to

teach. Also identify the text or program used, the

related page numbers, or the activity for future

reference. If you have access to old editions or

discarded books, tear out the pages neatly and staple

into sets and include them in the box. In your

teacher's edition of the science program write down

what materials you have, where they are stored, the

quantities you have of each item, and the success you

had with the activity. The latter information will

prove helpful the next year that you teach the

activity.

Of course, the students compile the inventories

for the boxes. This little task teaches

responsibility, a most important facet of life. It is

important to identify any materials that have been

expended and need to be reordered. What are some easy



ways of doing that? A simple way of maintaining a

continuous inventory is to have the students identify

all the parts of each kit on library cards. Color one

side of each card red. Glue a library card pocket on

the kit. When anyone has used the kit, the red side of

the card is placed outward in the pocket to alert the

next person that the kit has been used. Of course,

this does not help to keep the kit replenished, but

this system does alert the next student to check the

kit before using it.

The above idea can be extended by placing two

differently colored cards in two card pockets on the

kit. In one pocket place an inventory list, the date

when it was last checked, and the name of the person

who checked it. This list would include all permanent

items--e.g., thermometers, containers, and balances.

On the second card placed in a separate pocket list the

expendable items--spirit masters, handouts, charts,

cotton, alcohol, and seeds. When some item is used,

immediately order a replacement, noting on the card

when it was ordered. Try to keep the science kits

restocked at all times. It takes very little time

after an activity is completed to inventory, restock,

or reorder, but it means that when you want to teach
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science, you will not be thwarted because the materials

are not in place or have not been replaced.

There are probably other methods that you have

used or have seen used by your colleagues. Incorporate

these ideas into your materials management systems.

The anxiety of not having the materials when you want

them can be totally eliminated if there is coordination

among the staff members of a school and if the students

are given responsibility for specific tasks. Or, ask

the students to solve the perceived problem through a

problem-solving session.

Preparing for a Science riesson

Another mjor cause of teacher distress is the

extra preparation for science classes. Actually,

preparing to teach a lesson is simply one of the

"occupational hazards" of the profession. Every

effective teacher prepares for each lesson in every

subject or discipline. For the elementary schoo1

teacher this may mean from 8 to 10 different

preparations each day. The number may vary among

individuals, but the magnitude is there; each planning

and preparing step must be carefully accomplished so

that your time is used most efficiently.
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To conduct a science lesson you will, of course,

have to read the teacher's manual and the student guide

to understand the learning objectives and the

activities to be utilized. You do that with most of

your lessons initially, so nothing new is added to your

workday.

Now, here is a useful tip. Why don't you and one

or two of your colleagues get together for lunch and

chat about the science program? Why don't you suggest

that they form a "science teaching cooperative" for the .

purpose of helping each other with the science lessons?

Such an endeavor works best where there are two or more

teachers assigned to teach the same grade level in the

same building. If this is not the case, then

coordinate with the teacher of the next grade to form a

two-grade-level science co-op. If your classrooms have

"open space" designs, this type of co-op will be easy

to implement.

The basic idea is to learn and teach only half of

the total science program. If your co-op is multigrade

level, then you will have to learn a second component.

You and your partner(s) will have to make the decision.

If you make the decision to team, then each of you

takes responsibility to instruct alternating science

312
300



lessons. With one person acting as the "teacher,"

while the other acts as the "assistant," you double the

available adult help.

Whether you teach science alone or as part of a

team, the following suggestions apply. Since most

science programs provide a teacher's guide, speed read

it as the first step in the overall process of lesson

preparation. And because most of you use planbooks of

some type, we suggest that you coordinate the planbook,

teacher's guide, student activities, lesson objectives,

and evaluation procedures into one total instructional

plan. Make notes in the margins of these various

items. Keep notes on what works well and what tends to

fail. "Debrief" each lesson with just a sentence or

two on how you felt the activity went. As you conduct

the science program, you will be creating a well-

documented file on how to do it better the next year.

Keep all your notes and continue to refer to them in

the future.

At the same time that you clarify management acts,

course goals, and specific learning objectives, you

must also identify the student entry levels. What C-ey

have already learned, the degree to which they have

retained this learning, their motivations, their
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apparent abilities, and their social and cultural

backgrounds are all important data. By knowing several

bits of information about your class, you can easily

begin to accommodate students with handicaps or

learning difficulties in your classroom. When you are

aware of special student needs, you can more

effectively adapt the physical or instructional

environment to parallel unique learner needs.

If you are using a sequential science program,

then you will have a general idea of what learnings

have preceded your instruction and whit will follow.

However, it is the students who learn, the scope

and sequence charts, so you must seek ini:)Imation about

the kinds of problems that your students might

encounter with the present science lesson. Recall

those 13 major scientific processes that were

discussed. Many of them are related to learning

processes in mathematics, language arts, social

studies, and reading. By observing your students

during those lessons, you will be able to make some

predictions about the ease or difficulty that each one

might have with the currently assigned science lesson.

It is critical that you know the relative reading

difficulties of the science materials and the general
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level of reading acnievement of the class members. If

a small group of your students is below "grade level"

in reading, you may have to establish some tutorial

groups. Another alternative is to request from the

science consultant materials that these children can

comprehend. A third teethnique is to have a good reader

prepare audio r;azsettes so that the poorer readers can

listen to and thereby follow the written assignments.

The majority of activity-oriented science programs

have rather limited amounts of reading matter. Such

programs tend to require each student to synthesize or

apply the various cognitive skills that are constantly

being built ol. reinforced in the total school program.

It is doubtful that they will have severe reading

problems with activity-oriented science programs.

However, you will encounter the problem of

students who have difficulty expressing their

observations, computing their findings accurately, or

preparing tables or figures that display their findings

from a selected activity. Again, here is an

opportunity to reinforce other skills by using the

concrete aspects of the activity-oriented science

program. Establish small groups, so that each group

must report its general findings to the class, but only
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after each group member has had the opportunity to

present his or her finds to the small group. Think of

all the practice in self-expression that the students

get in this manner. Rather than the usual question-

and-recitation period, the science period becomes one

of high personal involv(tment with a great deal of

interaction.

Some of the above tips might not be totally

classified as "pure planning." Yet, it is by planning

and making contingency plans that the Lest teachers

carry to fruition their instructional goals and

objectives.

Other Coping Skills

Once the general plans have been prepared, you

learn to cope with the reality Cla you truly do not

know all the possible responses to all the possible

questions that will be asked. Again, this is one of

the "givens" of an activity-oriented science program.

Actually, it is a given in science per se. One of the

authors had the fortunate opportunity to work with a

group of elementary school teachers through an in-

service project which, among other activities, included

presentations by university research professors. Each

professor gave a general presentation about the kinds



of research activities in which she or he was engaged.

In 10 separate instances, the elementary school

teachers asked these highly published and, in several

cases, "world-class" researchers questions to which

each and every one politely responded, "I don't know,"

or, "That would make a great research problem," or,

"I'd never thought about that."

Of course, the classic response to your students

ought to be, "How can we find out?" "Is that a

testable question?" You need not burden yourself with

the responsibility to know everything there is to know

about science. Shift some of that burden to the class

members. '2 any one of them has the interest, you can

bet that there will be an oral or written report to the

class that addresses the problem. If no one follows up

on the problem or the question, then you need not worry

either, for that is just what happens in the real world

of science: There are questions that go unanswered

because they are beyond our current knowledge base or

they are too trivial on which to expend one's energy.

One activity that you might consider establishing

is a list of -Unanswered Questions" on the bulletin

board. Every time someone asks a question that is

"unanswered," it is placed on the list by the asker.
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In this fashion nobody loses face; everyone is a

winner. As time passes, however, there will be

students who will discover a possible response to some

of these questions. They can then pull out the

question and post it with the response on a bulletin

board.

Another coping skill is to establish a file of

recurring problems or questions that tend to be raised

each year. Begin that file in your lesson planbook,

and add to it after each science lesson, if necessary.

At the end of the year or semester, prepare a sort

recapitulation of the specific problems. Then you c,n

seek the responses from the district's science

consultant--if you have one--or from other

professionals.

One major coping skill that needs to be sharpened

when teaching activity-oriented science is the ability

to accept divergent student responses to either

questions or interpretations of data. You must expect

that in many science lessons, there will be a

multiplicity of responses and even some creative ones.

One goal of real science is to allow and encourage

novel solutions and creative responses.
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You must also remember your professional

obligation to accept novel student responses. You are

not placing any value on the question or the response.

You are simply accepting the prerogative of the student

to be novel or creative. You may not use subtle "put-

down" tactics, regardless of how seemingly outlandish a

student's point of view may be or how opposite it is

from your expectations. By allowing, nay encouraging,

diverse responses, every member of your class can

become a star for a moment. That tiny accomplishment

can be a significant event in the school life of every

student.

Several of the above topics may not seem directly

related to preparing for science teaching. Yet, keep

in mind that you must now be sharpening some special

skills that are emphasized when teaching science

because inquiry is the essence of science. The above

ideas follow a logical extension of that essence. In

science, one prepares to be just a bit more novel. Or,

maybe, it is simply that you will be using many of the

skills and techniques that were taught in science

courses, but that went without notice. Too, the above

methods were probably discussed in teacher preparation

classes, but at the time, they may not have seemed
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relevant to the real world. Whatever the case,

teaching science is just that--teaching. With teaching

comes the need to understand and implement useable and

successful classroom management strategies.

Incorporatino_Science Learning Centers

One major problem c:ontinually confronting

elementary classroom teachers is to find time to teach

activity-oriented science programs appropriately. One

solution is to incorporate science learning centers

into the school science program. Note: If your school

does not have any district adopted science curriculum,

then you can easily establish a developmental or

hierarchical sequence of science topics and design a

series of science learning centers as the delivery

system (Orlich et al.).

Getting Started

When first thinking about learning centers, you

might ask yourself "Why a learning center?" The

authors experienced the same question, but after they

implemented the center concept, the question became,

"Why did we wait so long?"

Learning centers allow you, the teacher, to use a

multilevel approach to curriculum design which more
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closely matches the level of the children. In science,

interactions are encouraged between peers. Centers

allow children to work and conduct activities and to

tutor each other. Further, science has a goal of

helping young people become conscious of choices and

decision-making. Centers can assist students by

providing experiences in making choices; setting

individual limits; and planning and attaining

individually prescribed goals. Learning takes place

through various styles. Manipulative activities and

written assignments can all be a part of any center.

As a teacher, you too, make learning-oriented

decisions.

Objectives

Learning centers are usually developed to

individualize science instruction. By developing

science learning centers that allow for some self-

direction, more time is generated to meet the

individual needs of other students. This point will be

developed further under -Management."

Science learning centers function most effectively

as extensions of the basic science concepts of the

school's curriculum. They are NOT substitutes for

science units. Rather, the learning centers provide



instruction of basic science skills, remedial help, and

immediate reinforcement of language arts skills.

Most science programs incorporate inquiry, and use

both inductive and deductive reasoning. Science

learning centers can be constructed to follow those

strategies and also to provide some individual

creativity by establishing "challenges" where children

apply the newly learned concepts.

Designing a Science Learning Center

Most teachers have file drawers and boxes of

dittoeE, books, materials, equipment and sometimes

"junk." These "priceless collections" all help to

build science learning centers. For example, sort

through files, boxes, teacher guides, books, and

magazines, to gather as many ideas from them that

relate to your particular grade levels for the science

curriculum.

"Brainstorm" for ideas that can be easily adopted

and incorporated into your program. We realize that

many ideas could be generated from local resources,

e.g., department stores, displays, books, pictures,

stickers. These all served to stimulate our minds

further. For example, if a unit were being done on

space, space-related materials could be examined.
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Teachable Moments

Learning centers are very applicable to teachable

moments--those moments which present themselves during

an actual lesson; especially when a child raises a

question about a different topic. If you're discussing

a unit on compasses or directional finding in

preparation for outdoor camp, and a child asks, "How

does the magnet work?" you have a wonderful opportunity

to branch out and investigate magnets and their

properties. You may or may not choose to do an entire

unit on magnets, but if many students are interested,

then you simply construct a science learning center on

magnets and develop appropriate science activities.

Unteachable Momentq

These are the moments most of us have experienced

in our teaching when minutes seem like hours. Students

are not attentive and you are not exactly inspired

yourself. Why? Because the work from one science

textbook is complete or you are involved in

discussions, or you follow-up on another activity or

your usual routine becomes unchallenging. Even the

most experienced or creative teacher has trouble

providing enthusiastic responses for such moments.

Science learning centers provide invaluable assistance
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for those great unteachable moments by allowing an

extension of the science concepts that are being

taught.

Our rationale is contingent on having a correlated

science program and set of science learning center

activities. The learning center is just that--for

learning. Students begin to appreciate content

especially when they have an opportunity to apply their

newly learned science skills.

Constructing A Science Learning_ Center

Construction of a science learning center is easy

when you have all your ideas "in mind" or on "scratch

paper". Prepare "precut" cardboard and colored tag

board in advance of the actual construction time. This

may involve one or more adults to speed the production.

Cardboard can be found anywhere--grocery or appliance

boxes are excellent. Using a large paper cutter, cut

the board to desired size. After many "trial and

error" centers, we suggest that your centers stay

within an 18-inch square size (smaller seems AOK, but

Lat larger). Our size criterion is determined by the

fact that clear contact paper comes in 18-inch widths.

We have found that "tri-fold" centers are the

easiest to construct and store. To construct a fltri-
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fold" you need three pieces of cardboard (all the same

size), three pieces of colored tag (the same size as

the cardboard), duct tape, rubber cement, and clear

contact paper or laminate film. Lay the three

cardboard pieces next to each other leaving about

one-quarter inch separation (see Figure 2). Place the

duct tape sticky side up on a table surface, then lay

the cardboard onto the tape. Leaving a one-quarter

inch gap between boards allows the center to fold for

easy storage.

The next step is to place all needed information

on the colored tagboard. This includes the title,

directions, examples, factual information, and

activities to be done. We have found that plastic

adhesive letters for titles and such, save a great deal

of construction time. Be sure to do Lny lettering of

directions with permanent felt markers so you may reuse

the center.

When all this is on the tagboard "spice it up"

with cartoons, or whatever. Cover the three separate

pieces of colored tag with either clear contact paper

or laminate material. Do this before you adhere the

tagboard to the cardboard. When all working surfaces

are covered with contact, use rubber cement to glue the
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colored tag to the cardboard. Be sure to cover with

contact any cards that will appear in center pockets

and also pieces that might belong to a game that will

be housed with the center. Children will not

intentionally destroy these cards, but continual use

causes deterioration if they are not covered.

Construct and use one center and enjoy it for many

years to follow!

Again. . . materials needed are:

1. An IDEA!

2. Three pieces of cardboard

3. Three pieces of colored tag
(same size as cardboard)

4. Duct tape

5. Stickers or decorations

6. Clear contact paper or laminate

7. Rubber cement

Remember these quick steps:

1. Cut cardboard and colored tagboard the same

size

2. Use duct tape over the edges of cardboard

3. Place information on colored tag

4. Add any colorful decorations to colored tag

5. Cover colored tag with clear contact or
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laminate

6. Glue colored tag to cardboard with rubber

cement

18"

CARDBOARD
BACKING

rilc
Salto

rOp

II SEPARATION m.

Figure 7-2. General Construction of Three-fold
Science Learning Center

Managing Learning Centers

In managing science learning centers, two major

systems seem to be most prevalent. One is to use

centers only during student "free-time." However, many

students don't ever seem to have free-time. Therefore,
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we suggest the management scheme illustrated in Figures

7-3 and 7-4.

Lab Groups Center # Group Number

Teacher Fcllow- Center 1 Mary_ John Lee

Seminar up 2 Jo Cassandra Jerry

Center Teacher Follow- 3 Leann Billy Stceve

Seminar up 4 Sue James Rosalie

Follow- Center Teacher 5 Larry Kim Jeff

up Seminar 6 * * JR,

7 * * *

Figure 7-3. Management Figure 7-4. Group
Grid Grid

Figure 7-3 shows the class being divided into

three lab groups. Each group may wish to label their

group with a science name. If so, place that name on

your chart in lieu of Lab Group #1. The three sections

on the chart represent the rotation on days you

schedule science. "Teacher seminar" is where the group

meets with the teacher for specific purposes such

demonstrations, discussions, recitations, one-on-one

help, quizzes, and evaluations. "Center" is scheduling

the lab group with the actual teacher-made materials

that reinforce the seminars. These centers include



audio tapes, games, manipulative devices, task cards,

experiments or further readings. The "follow-up" is

done at the students' desks, and includes written

activities, research activities, experiment write-ups,

all relating to science and the learning center theme.

Figure 7-3 can be used two ways in your room.

Either rotate the chart for one day's science

activities, or use the chart on three-day rotations.

On day one, a lab group has teacher seminar; on day

two, they do science centers; and on day three they are

involved in follow-up activities. Such a method

insures systematic development of the science concepts.

Figure 7-4 is posted in the classroom so that each

child is self-directed to the correct center without

disrupting others in the room. The students' names are

a permanent fixture on the chart. The station numbers

change daily. Each day the teacher moves all the

numbers down and the bottom number moves to the top.

These num.ars coincide with the science learning

centers in the room. You need to have as many centers

in the room as you have students in each lab group.

When first using learning centers, place two or three

children at oae center and rotate others through it.
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Learning centers can be created just for "fun."

However, their real advantage comes from the

flexibility that they give the very busy elementary

teacher. To be effective, science must have continued

es:phasis and activities in the school. Science needs

an activity orientation to help children develop a

"real" contact with the sport, as it were. By

combining science learning centers with the actual

science program, you'll have an enjoyable and fruitful

exp,:rience and so will the children.

Safety as a Management Concern

Chapter 9 will dicuss safety in great detail. But

it is such an important topic that we have divided the

topic into two parts. Presented here will be those

"nuts-n-bolts" aspects of science safety because the

selected topics are rightfully classroom management

issues.

Materials Management

Activity-orientad science requires the use of

simple pieces of equipment. For the most part the

it ms per se are no concern for safety. Yet, some

flammable materials such as alcohol are common. If

used, the bottles should be secured in a locked cabinet

and clearly labeled. If a flame is required it is best
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to use candles securely anchored in a holder having

sand in the base of it. Matches are needed to light

candles and they should be kept in a secure drawer.

If hand tools are needed, all students should be

trained in their safe use. Tools should always be

placed back into their kit when not in use.

Electric appliances should ts checked before use

to be sure that the plugs are intact and that no wires

are exposed. If hot water is needed, it might be safer

to use an automatic coffeepot.

If blindfolds are to be used, have each child

bring one from home. This reduces any possible

transmission of eye or skin diseases.

Chemicals

In an elementary science program only weak

chemical reagents should be used. All acids and bases

should be dilute, and never in concentrated form.

Acids, bases, and other solutions should be stored in

separate areas. Label every chemical. If you inherit

a classroom that has some older looking bottles of

chemicals, or unlabeled ones, write the principal,

requesting to have them disposed properly by the school

district safety officer. Never dump toxic or unknown

3.3
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chemicals down the sink. Call the school safety

officer.

While the list below is not inclusive, the

chemicals mentioned should never be found in an

elementary classroom.

1. Mercury or Mercury Compounds

2. Metallic sodium

3. Sodium or Potassium Hydroxide

4. Carbon tetrchloride

5. Formaldehyde

6. Pesticides

The above are dangerous and highly toxic. There

is no need for them in elementary science.

Life Science Consideration

The life sciences play an important role in

elementary schools. All aquaria or terraria should be

inspected for c:icks, chips, or breaks. Such items

should be repaired or discardd.

All life science materials should be handled in an

appropriate manner. Tiny plants, mold and the like

should be studied in closed vials. If microscopic

examination is done, then, students should be taught

how to mount the materials on slides. After working

with living things, students should wash their hands.
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Standards are established for living small

animals. Tea,:hers should follow those guidelines. Any

live insect or animal that can sting or bite children

should not be used in the classroom.

Science should be challenging and fun. The

subject does have some potential dangers. However, by

planning for appropriate use of science materials

nearly all potential hazards can be eliminated. Care

of equipment and its reponsible use can be stressed so

that all children are safety conscious.

Conclusion

Classroom management is really being well

organized and rcady to teach every day. Many

management problems relate to safety, but we will cover

that tonic later in detail. The essence of management

is to build student self-discipline and cooperation.

The pay-off is in better science learning.
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CHAPTER 8

SIMULATIONS AND GAMES IN SCIENCE TEACHING

While inquiry has been stressed as a viable

instructional method for at least most of the twentieth

century, simulation--an adaptation or application of

inquiry--is relatively new to the educational scene.

Simulation--or gaming, as it is often called--has been

used for entertainment for decades in the private

sector. For example, the world famous game of Monopoly

is one such simulation that is used for "enjoyment" by

innumerable people.

But why do educators find games to be of

instructional value? There are many reasons. Games

and simulations are very t'eful to the classroom

teacher because they can be used as application devices

for the expression of previously learned principles,

concepts, or facts. In other words, simulations have a

definite place in the instructional spectrum as a

planned learning episode. As a teacher, you make

decisions about what children will learn in school.

If your objectives lend themselves to the use of

simulations, then you can add one more tested technique

to your already full "bag of professional skills."
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Brief Background About Simulation?

Simulation is the presenting of an artificial

problem, event, situation, or object that duplicates

reality, but removes the possibility of injury or risk

to the individuals involved in the activity.

Simulation provides a model of what exists or might

exist in a set of complex physical or social

interactions. Simulation is a representation of a

manageable real event in which the learner is an active

participant engaged in learning a behavior or in

applying previously acquired skills or knowledge.

Clark Abt (1966), long associated with the

preparation of simulation materials for the private

sector, divides simulation into its three major

components: (1) models; (2) exercises; and (3)

instruction.

Typically, models tend to be inactive--that is,

they do not interact with the participants. They

remain static but do resemble some dimension of

reality. Globes of the world, physical models of the

solar system, and some case studies are examples of the

inactive simulation model. However, computer-

controlled models that provide active patterns of

interaction with the users :re now being used at
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various instructional levels. These models are just

now becoming available to the public schools, as their

costs are now within the schools' budgetary limits. In

the not-too-distant future, these models may be

commonplace in most schools. Models need not always be

physical replicas of the real objects. Pictures,

drawings, sketches, and maps can all be classified as

models of inactive simulation.

Exercises are activities designed to allow the

learner to interact with someone in either a physical

or a social manner. Coaches have long utilized

exercises as they plan for an upcoming game with the

next opponent. Trade and industrial teachers, in

setting up equipment that needs to be adjusted or

checked (trouble shooting), allow the learners to

interact with machines. Models of the solar system or

the moon have been very common in science classes. As

a simulation, a model helps provide a concrete object

to help children learn science concepts.

Instructional simulations involve the learner in

various functions. Paul A. Twelker (1958), a designer

and early advocate of instructional simulations,

suggests that instructional simulations can perform

three functions. They can: (1) provide information to
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the children; (2) create situations in which the

learne.-: demonstrates some skill or knowledge, since the

simulation elicits a response; and (3) assess the

performance of the participant by measuring it against

an already established standard.

While simulations have long been used in the

military, in business, in medicine, and in

administrative planning units, their introduction into

the schools is a more recent event. However, the

latter part of this statement should be qualified, as

teachers have for years used play stores and school

councils, as well as other interaction methodologies,

(the fire drill) as instructional devices to reflect

selected dimensions of reality.

Purposes of Simulations

There appear to be at least ten general purposes

for the use of simulations and games in education. The

followiny synthesis provides a checklist of purposes.

Simulations or educational games are designed to:

1. Develop changes in attitudes.

2. Change specific behaviors.

3. Prepare participants to assume new roles in

the future.
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4. Help individuals to understand their current

roles.

5. Increase the student's ability to apply

principles.

6. Reduce complex problems or situations to

manageable elements.

7. Illustrate roles that may affect one's life

but that one may never assume.

8. Motivate learners.

9. Develop analytical processes.

10. Sensitize individuals to another person's life

role.

Each of these ten purposes, we must warn, cannot

be obtained from any one simulation device. You select

simulations or games that are appropriate for a

specific science learning objective. One of the

desired developments that result from simulation is

that the learners will be stimulated to learn

additionally from the exercise by demonstrating

independent study or research. Furthermore, as

students engage in relevant simulation exercises, they

may begin to perceive that knowledge learned in one

context can become valuable in different situations.
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This is, of course, the well-known concept of

"transfer" that keeps psychologists so perplexed.

In our own use of simulations, we have observed

that students become immersed in the activities almost

immediately. Games and simulations are great

"icebreakers" for diverse groups of students. There is

also an element of risk-taking for all players. Even

though there is no penalty for the participants, each

individual tends to view the simulation from a serious,

personal perspective. We made this observation,

especially in case studies that required the

participants to make simulated decisions concerning the

espousal of critical human values. In the "bomb

shelter" simulation (in which you are under nuclear

attack and can only allow five persons in your shelter

and must decide who gets in), we observed students who

refused to participate because this value decision went

too much against their own moral commitments. Of

course, we do not suggest that all simulations involve

such personal intensity. We cite this example merely

to demonstrate the intense personal involvement that

can occur with simulations.
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Types of Simulations

Robert Maidment and Russell H. Bronstein (1973)

identified three major types of simulations: (1) human

simulation, which includes role playing; (2) person-to-

computer simulation, which is slowly increasing in use;

and (3) computer -'o- computer simulation, which is the

most sophisticated and complicated type and is

currently used to generate global or whole earth

models. The third type of simulation may be used by

your students when they enter the professional world as

researchers or business leaders.

Educational games currently available to the

schools tend to use two basic patterns, as Alice Kaplan

Gordon (1972) reported. The first is the game board,

which resembles commercially prepared games such as the

classic Monopoly. In the elementary school game of

"Neighborhood," students develop a geographical area,

shown as a grid on a board, by placing tokens that

represent people, factories, stores, and the like on

the grid. The objective of the game is to learn how

complex interactions take place in neighborhood

development. As the game progresses, the board becomes

filled and the players must accommodate their

communities as best they can. By the end of the game,
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the players observe the final course of the development

as graphically portrayed on the board.

The second format identified by Gordon is the

role -play_ game. The roles of such formats are designed

to teach selected social processes--for example, human

relations, negotiations, bargaining, compromise, and

sensitivity. These simulations usually have a scenario

and character profiles so that the conditions, persons,

and consequences of all collective actions may be

charted. This format is used Lo a great extent in a

curriculum developed by the National Science Teachers

Association for Program of Energy Enriched Curriculum

(PEEC). A series of simulations are provided so that

children apply a wide range of energy and ecologically

related concepts. In most of these games, decision-

making and planning are two processes that are

reinforced.

Regardless of the format, all simulations and

games have rules that establish their objectives, the

types of roles that the players are to assume, and the

types of actions that are allowed or disallowed.

Is there a difference between a game and a

simulation? One distinction is that games are played

to win, while simulations need not have a winner. In
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some simulations, it is difficult to determine whether

or not there are winners and losers, and which plaN,srs

belong .:o which category. For example, in a simulation

of a legislature, the issue is whether or not to raise

taxes. Students are provided with character profiles

and a scenario describing the various conditions of the

issue. After the arguments are made, a vote is taken.

In this simulation, it is diffilt to say who has won.

Simulations seem to be more easily applied to the

study of issues rather than of processes. The

principal purpose of a simulation is to encourage

students to express, in their own words, the basic

arguments for the various sides of an issue. Games,

however, try get students to make more intelligent

decisions as they learn the processes represented in

the game. Obviously, the distinctions ars not

clearcut. Purists may find that any labeling of these

activities may be a matter of semantics.

A classification scheme prepared by Katherine

Chapman et al. (1974) expands Gordon's two main

simulation fomats. They determined that educational

simulations and games have five main characteristic

activities:
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1. Role-play.

2. Simulation exercise.

3. Simulation-game emphasizing role-playing.

4. Simulation-game emphasizing strategy.

5. Game.

Each type of activity is classified according to five

additional characteristics. The first describes the

probable learning outcome (the predominant problem

orientation) of the activity. The four others are

structural traits: primary role definition, group

size, complexity of activity, and problem-solving mode.

Complexity of Activity

The complexity of an activity is determined by the

amount of information generated by the activity. Role-

piay tends to have one main activity. It has a

narrowly defined focus and deals with immediate issues

and consequences. Little or no chance enters into

role-play. In fact, it not very complex.

Simulation exercises, simulation-games, and games, on

the other hand, often involve long-term planning and

complex analyses. In these activities, which tend to

be more realistic, children pursue different goals by

various means, and time is often simulated. In some
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simulation activities, chance plays no part, while in

games, the outcome is usually based entirely on chance.

An example of a game that requires student

interaction and cooperation is the "ZIP Code Game"

(Orlich, 1986). The objective of the game is process

building, i.e., to determine the geographic patterns

associated with the U.S. Postal Service ZIP Code

System. Materials include an outline map of the USA,

cards with state capitols and their ZIP Codes listed.

Teams of students begin to draw cards and then locate

the state capitol on the map and list that ZIP. It

becomes apparent that several capitols in specific

geographic areas must be known before any meaningful

pattern appears.

When the children determine a pattern for a

specific geographic area they are asked to predict the

possible ZIP Codes of states yet to be identified in

that area. The predictions must be based on evidence.

Students give their ZIP predictions and tell what

evidence they used to come to their conclusions.

Again, this game is excellent to use when one adopts

the cooperative learning model. Team members must show

information in order for the team to work out the

pattern. Further, the game allows students to make a
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series of generalizations about the ZIP system, all of

which can be tested with data.

The problem-solvilig mode seems to be partially

characterized by the amount of information shared by

the players. When there is little information about

other players' strategies, extreme competition and lack

of trust often result. This is typical of pure games,

in which players from the start see one another as

having opposing interests. When more information is

shared, play rs begin to perceive common interests and

are more likely to build alliances and trusting

relationships.

The amount of information-sharing that occurs

depends on the amount and style of negotiation allowed.

There appear to be two kinds of negotiation styles.

The first is formal-rule behavior, in which players

talk to each other because the rules dictate it. The

second is informal-rule behavior, in which responses to

problems are neither forbidden nor required by the

rules. While formal-rule behavior usually results in

bargaining activity, informal-rule behavior may lead to

cooperation through shared interests.

Another element in the problem-solving mode is

goal orientation. If winning is a goal, then the
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efforts to win tend to be more intense. In

noncompetitive activities, such as role-playing and

many simulation games, cooperation tends to develop

because the objectives are more open-ended.

We do not wish to confuse you with concepts,

terms, and definitions. Our intent is to illustrate

how simple or complex a simulation may be.

Furthermore, there may be few distinctive

characteristics by which to differentiate among models,

exercises, or instruction :. this model. Purists may

prefer to make a clear distinction between simulations

and games. We will try to blend the concept of

"simulation" with "game" while illustrating how these

two overlap with instruction.

"Science and the Common Place" (Orlich, 1988)

shows how easily data may be found that require student

problem solving. Technically, these activities might

not be "pure type" simulations. But they do reflec_ a

dimension of reality that provide problems to be

solved. Weather data abound. In "Science and the

Common Place" one observes how easily data can be

assembled from newspapers and used as an inquiry or

thought-provoking stimulus.
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Selected Techniques

Role-Play

Role-playing is a discussion technique that tends

to develop selected skills. Simulations that use role-

playing are based on that discussion technique.

Students are given specific roles for the purpose of

acting according to some stereotyped behavior pattern.

In a "free-wheeling" role situation, only the character

types are given to the students, who will then

extemporaneously act out the roles and behaviors.

In simulations using role-playing, there is

usually some structure, a stated issue to be resolved,

and in some cases a winner or loser. A role-play

simulation may be structured to provide one-to-one

interaction or may resemble a small-group interaction.

For example, L. Gerald Buchan (1972) provided a series

of role-playing episodes for educable mentally retarded

children in the schools. He presents a specific

problem on which the children must focus. In one

episode, there are four children who act out academic

and behavioral problems, while one child plays the role

of teacher. Initially, the students are given

"prompts" to set the stage for the episode. After

conducting the role-playing experiences, the real

348
336



teacher critiques the entire happening with the group

of five children. This is done to develop more

appropriate behaviors in the children.

We find Buchan's presentations about role-playing

to be very timely, especially with the passage -f

PL94-142, the education for all act. Role-playing as a

simulation technique for children with learning

disabilitie_ of any kind may help both anxious teachers

and handicapped students to cope better with the

children's problems. When this technique is used, an

affective dimension is added to the program of studies.

Simulations

Simulation requires participants to be involved as

active players, but they may or may not have fixed

roles. An example is seen in the game of "Ecology"

(1970), which may be played with two to four persons.

The simulation makes use of a game board. The object

of the game is to create a balance between human

activities and the environment. The game is structured

so that the players progress from an era when life was

simple and food had to be hunted, to a more complex era

when agriculture predominated, to an age when the world

became industrialized, and finally to the present when

the integrity of the environment is at stake. Wars,
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crises, tests, and some elements of change are included

in this exercise. The cognitive learning outcomes that

emerge are that: (1) land use is a complex issue; and

(2) values and ethical concerns play a vital part in

decision-making.

Simulations that emphasize role-playing tend to be

oriented toward cognitive learning outcomes.

Information is provided to all players and each player

assumes a role in the simulation. The group is

informed of the general situation. The members then

interact with each other and with the materials, using

the information that emerges as a result of all the

interactions.

Joseph Abruscato (1986) provdes several examples

of using classroom microcomputers in a science program.

Collecting and illustrating data in tabular and graphic

formats is one use. However, he illustrates a number

of simulations that can be used. These include a model

cockpit to simulate flying, a food chain prenem, and

problems associated with electric circuits.

Albruscato also discusses the use of a

videodisc/microcomputer system. The video-disc

provides film clips of various scientific or

technological problems. The computer is programmed to
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display questions about the episode. Of course,

classroom use of such a system is contingent on

programs that augment a science program.

A teacher can integrate the computer system into

the classroom, thus relating science to a technology

that makes the science usable. One other dimension may

be then added--the societal impact. In most

simulations, decisions must be made that affect or

impact social values. Science may be value free, but

the applications are not. For example, pesticides do

reduce insect damage. But pesticides also poison

water, birds and other animals. The decision for

appropriate use is a value judgement. Computer

simulations can illustrate the impact of those

decisions.

Using "Decision, Decisions," Barbara Vincent

(1986) described how 21 sixth graders integrated a

computer simulation into the science ana social science

program. The simulation used by Vi-cent was oriented

to foreign policy decisions. Students observed how

decisions have broad implications. According to the

author, a transfer of decision-making skills to other

academic and non-academic areas was observable.
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Vincent did caution that simulations must have an

educational goal to be most effectively used.

Richard B. Powers (1985-86) described use of "The

Commons Game" that illustrates the dilemma of

competitive and cooperative management of natural

resources (whales). Through this game students learn

that a competitive system of harvesting wY,.41es

ultimately leads to their extinction. :n this sense

the simulation is an excellent follow-up to "Krill"

which is a game about feeding habits and the food chain

of whales.

Predator-prey concepts are illustrated with

Michael L. Waugh's (1986) "Pasta Predation". In this

game differently colored pasta are distributed in a

grassy area. Students "prey" in a given time period.

One charts the number of prey removed from the

environment to determine if any one color is more

preferred over other colors. This game is an

adaptation of "Sticklers" in which colored toothpicks

arc; distributed randomly over a lawn. In the case of

"Sticklers," fewer green toothpicks are discovered by

the "predators". Concepts associated with protective

coloration, predator-prey relationships and selective

predation are concretely reinforced by these games.
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L. Kirkup (1986) c.sscribed the use of a

microcomputer in describing magnetic fields. The lines

of magnetic strength can ultimately be calculated.

Similarly, Kenneth Fuller (1986) describes a "Hot

Dog Stand" microcomputer program that helps young

children plan and compute arithmetic problems in which

outcomes depend on random events.

Charles C. Spraggins and Robert E. Rowsey (1986)

developed simulations applicable to topics of geologic

time tables, cells, and the circulatory system.

Simulations were equally effective as using student

work sheets.

Also using a computer protocol, Alan N. Rudnitsky

and Charles R. Hunt (1986) attempted to determine how

fifth and sixth graders solved cause and effect

problems. In this simulation, the pressing of three

selected computer keys caused a graphic cursor to move

in specific directions. Students were expected to

determine which key (cause) made the cursor change

directions (effect). The authors concluded that those

students with knowledge of LOGO developed more logical

approaches to problem-solving.

Perhaps problem-solving strategies are reinforced

more with computer simulations than with textbooks. For
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example, Robert L. McGinty (1986) had found that word

problems in fifth grade math textbooks had decreased

between 1924, 1944, and 1984. However, drill and

practice problems increased. So, is it any wonder that

pupils do not show a desired proficiency in problem-

solving skills.

With greater numbers of mentally handicapped

children being mainstreamed, teachers need to identify

relevant simulations to aid these learners. Four

different research studies all showed the efficacy of

using simulations in the training of this special

group. (See: Matheidesy, 1987; McDonnell & Horner,

1985; Plienis & Romancyzk, 1985; and Richman, 1986.)

In each study, mentally retarded children learned to

accomplish specific tasks by first simulating them.

Of course, we reiterate the rationale that games

or simulations are selected to help achieve educational

objectives. This technique is a means to an end, not

an end, per se. By using appropriate simulations, a

teacher allows the students to apply knowledge, develop

decision-making skills, and learn to work cooperatively

in a small group.
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Conducting Games or Simulations

There are several procedures that have proved to

be successful and should be noted as you decide on the

role that games or simulations will play in your

teaching styles.

The Teacher

The optimal way to learn about a selected game or

simulation is to gather a group of teachers together

and to play the game. This assures familiarity with

the basic rules. In many cases, the teacher must

prepare handouts, materials, and other objects. All

pre-game arrangements can then be made in advance of

the actual classroom use of the game.

Tn role-playing games or simulation, the teacher

must be knowledgeable about roles, rules, and

conflicts. Also, it may take from two to four

traditional class periods to complete some of the more

lengthy games or simulations. The teacher must be

willing to devote that much time to the activity.

Generally, one cannot appreciably reduce the time

needed to complete a game or simulation.

The Class

Once the teacher is prepared, the class must be

briefed on rules, roles, scenario, conditions, and
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options. This should be accomplished prior to

conducting the exercise. Bear in mind that students

learn the rules of the game not by reading about them

but by practicing them. The roles can be assigned by

drawing lots, or the teacher may give major roles to

students who do not perform well in conventional

classroom activities. If the teacher uses simulations

regularly, the method of assigning student roles should

be rotated.

Once the game is begun, the students usually

require a "referee"--the teacher. Much adjudicating

will be required with initial experiences. The teacher

should clarify rules, interpret situations, or answer

questions. The teacher should be careful in responding

so that one player does not gain an advantage over

another because of the teacher's maturity or

experience.

During any simulation, there will be much activity

and "meaningful noise." The principal and your

colleagues in neighboring classrooms should be warned

about the game ahead of time, so that they may plan

accordingly. This is not to imply that your classroom

will be in chaos but there will be more movement,

activities, interactions, and more noise than usual.
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During the course of a simulation or game, the

teacher should constantly move about observing the

roles of the players and perhaps even systematically

noting various reactions s that a critique may be made

when the game is finished. If possible, we suggest

that some type of form be used for tabulating student

behavior, such as those illustrated in our treatment of

discussions. In some cases after your evaluation, you

may decide t, modify a selected game based on an

Initial experience of the class.

Designing Your Own Games

It is easy to design your own simulation or game.

There are about ten steps involved. The general design

rules, as presented by Alice Kaplan Gordon (1972),

follow:*

1. Define design objectives.

2. Determine the scope of the game in terms of

the issues to be examined, its setting in time, and its

geographic area.

3. Iden_ify key actors in the process, whether

4ndividuals, groups, organizations, or institutions.

*From Alice Kaplan Gordon, Games for Growth (Palo Alto,
Calif.: Science Research Associates, 1972), pp. 123-
131. Used with written permission of Science Research
Associates.



4. Define the objectives of the actors, in terms

of wealt., power, influence, and other rewards.

5. Determine the actors' resources, including the

game information each recei,res.

6. Determine the decision rules, or criteria,

that actors use in deciding what actions to take.

7. Determine the interaction sequence among the

actors.

8. Identify external constraints on the actions

of the actors.

9. Decide the scoring rules or win criteria of

the game.

10. Choose the form of presentation (board game,

role-playing) and formulate a sequence of operations.

Other Cosiderations

Our .)riet introduction to the use of classroom

games or simulations must surely have caused you to ask

yourself the question: Will they work for my area?

The answer depends on what your goals or objectives

are. If you want to build Frocesses associated with

decision-making, then games and simulations provide

alternatives to the usual classroom routines. If you

wish to promote human interactions, then simulations

and games are appropriate. If you intend to provide
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experiences that students may not have in the routine

application of learning skills or principles, then you

should use games or simulations that will achieve this

end.

Some Research Findings on Simulations

The research on simulations is quite voluminous.

Gerald R. Girod (1969) and Alice Kaplan Gordon (1972)

provide both evidence and case studies that support the

use of simulations to improve the cognitive and

affective skills and attitudes of the players. Hubert

J. Klausmeier and R.E. Ripple (1971) report that games,

role-playing, and simulations are effective means o`

cultivating desirable school-related attitudes.

The review of games and simulations by F.L.

Goodman (1973) regards such activities as excellent

student motivators. Karen C. Cohen's (1970) work shows

that a group of previously unmotivated and apparently

disinterested truants were persuaded to attend school

by enticing them with the "Consumer Game." We agree

that the use of simulations and games does increase

student interest in the subjects being studied.

James M. Migaki, a colleague at Washington State

University, has long used his own creation, "The

Pancake Game," as an end-of-semester activity for
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junior-year students in his methods class. The amount

of interaction, interest, and application of skills and

knowledge is tremendous. Students who interact very

little during the regular class periods begin relating

to each other as if They are old friends. Thus, if you

wish to increase the interactions within your groups or

classes, you should use a game that requires

interpersonal contacts.

Games and simulations are devices that can help to

establish a supportive environment that is conducive to

learning. Teachers have reported that the use of

simulations and games seems to help many "quiet"

students to participate more in class activities. Jay

Reese (1977) suggests that simulations may be good

learning motivators. He adds that there is a need for

a discussion or debriefing session at the culmination

of any simulation activity. The debriefing helps the

students to determine the implicit or explicit learning

to be gained from the experience.

Analyzing the concept of simulations, Katherine

Chapman et al. (1974) believes that simulations and

educational games tend to promote lc 'cal reasoning and

decision-making. In addition, these authors state that

simulations provide a steady source of feedback to all
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participants. By learning how to use the feedback, the

players learn how to process new knowledge and to

modify previously made decisions. Such activities tend

to provide a more complex learning environment than

that usually found in the classroom. Thus, a major

advantage of games and simulations is that they teach

students how to establish a strategy and how to modify

it through rational means.

Simulations also can be levelers of ability.

Children who are judged to be poor students can

participate on a near equal, if not totally equal,

basis as the bett, : students. More importantly, having

a chance to compete or participate with others holps to

build students' morale and makes the classroom a more

enjoyable place in which to learn.

When does one integrate a simulation into the

curriculum? Chapman et al. (1974) suggest that "folk

wisdom" provides teachers with at least five possible

instances when it would be appropriate:

1. After a unit or as the culminating or

generalizing activity.

2. As rewards to students who complete

assignments.

3. Fo- a change of instructional pace.
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4. To introduce a unit or to motivate students to

learn.

5. To help meet the instructional learning

objectiven.

Simulations are excellent devices with which to

develop understanding in business practices, politics,

and environmental issues which may be controversial

topics for the class. By inventing a simulation with

which to examine the issues in question, the teacher

provides the Students with a safe place in which to

reflect on their personal values and on those of

society and how they interact, compete or compliment

each other.

Simulations have been used by nearly every teacher

who has included an "activity corner" in the classroom

environment. In many cases, the games can be developed

by teachers in cooperation with professional game

designers. Some teachers purchase the games, while

others recruit older students to create games by simply

giving them the objectives, materials, and the basic

plan. This challenges teachers who wish to stress

creativity to use simulations, inquiry, and problem-

solving.
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Terry Armstrong and Michael Heikkinen (1977)

suggest that the teacher offer an open-ended challenge

to the class. Although they are discussing inquiry in

general, their suggestion also applies to simulations,

especially those involving educationally disadvantaged

youth. The main advantage of an open-ended challenge

is that it allows a whole spectrum of appropriate

responses. This is one sure way of improving the self-

images of young people who have not had much of a

chance to be winners. As the teacher, you can reward

or reinforce a wide variety of responses--the most

original idea, the best technique, the neatest paper,

the toughest project, or the greatest number of

alternatives. There is no limit to the number of

positive school-related rewards that can be given to

students.

Locating Sources About Simulations

Although the distribution of simulations is rather

widespread, we wish to suggest three excellent sources

of simulations for your use. Robert E. Horn (1977),

David W. Zuckerman axed Robert E. Horn (1970), and Jean

Belch (1974) rrovide references and information about

simulations that are easy to use. They describe

thousands of simulations no that you may make the most
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appropriate selection for your class and your learning

objectives.

Robert E. Horn (1977), David W. Zuckerman and

Robert E. Horn (1970) provide a list and brief

descriptions of almost 1,000 simulations and games.

Sixteen different descriptors are listed for each

entry. These descriptors include information about:

copyright, age level, number of players, playing time,

supplementary materials, special equipment, preparation

time, descriptions, roles, objectives, decisions,

purposes, user report, editor's comments, 'osts, and

produce'. By referring to the works of these authors,

you can quickly determine the status of published and

unpublished simulations.

Jean Belch (1973) provides an eleven-point system

of descriptors similar to those just listed. She also

supplies valuable cross-referencing by subject, author,

and producer. Additional sources of simulations are

typically listed in books and articles on the topic.

Most activity-oriented science programs contain

simulations that are easily incorporated in the science

class. Included in the group are: Outdoor Biology

Instructional Strategies (OBIS) and Science Activities

for the Visually Impaired- Science Enrichment for

334
352



Learners with Physical Handicaps (SAVI-SELPH). Playing

with energy is a book with energy related games,

published by the National Science Teachers Association.

Currently, there are several "Science/Technology/

Society" (STS) projects in which local curriculum

materials are developed. Nearly all STS projects have

simulations that require student decision-making.

We wish to stress one last point. Games,

simulatiiAs, or inquiry devices should be incorporated

into the ongoing instructional goals. These techniques

are not entertainment mechanisms, although they may

prove to be incidentally so. The most important use of

inquiry-related techniques is to support the

instructional goals and objectives of the school. You,

as teacher must decide how best to achieve these goals.

Teaching through inquiry is not simple; it requires a

well-prepared teacher to do an effective job. However,

the rewards far exceed those found in the traditional

classroom.

fir; o

353



REFERENCES -- CHAPTER 8

Abruscato, Joesph. Children, Computers. and
Science beaching: Butterflies and Bytes.
Englewood Cliffs, N.J.: Prentice Hall, 1986.

Abt, Clark. Address presented at the "Man-Machine
Conference" in Portland, Oregon, November 26,
1966.

Agne, Russell M. "A Comparison of Earth Science
Classes Taught by Using Original Data in a
Research-Approach Technigae Versus Classes
Taught by Conventional Approaches Not Using
Such Data." Unpublished doctoral dissertation,
The University of Connecticut, 1969.

Armstrong, Terry, and Heikkinen, M. "Initiating
Inquiry through Open-ended Problems."
Science and Children. 1A: 1977, 30-31.

Belch, Jean. Contemporary Games. Vol. I. Directory.
Detroit: Gale Research Co., 1973.

Contemporary Games, Vol. II. Bibliography.
Detroit: Gale Research Co., 1974.

Brown, Mary Anne Symons. "Games Can Make You a
Winning Teacher." Forecast, 23: 1977, 19.

Buchan, L. Gerald. Roleplaying and the Educable
Mentally Retarded. Belmont, Calif.:
Fearon Publishers, 1972.

Carlson, Elliot. Learning Through Games.
Washington, D.C.: Public Affairs Press, 1969.

Chapman, K., Davis, J.E., and Meier, A.
Simulation/Games in Social Studies: What Do We
Ynow? Boulder, Colo.: Social Science Education
Consortium, Inc., SSEC Publication No. 162, 1974
(U.S. Office of Education Grant No.
OEC-0-70-3862).

354



Cohen, Karen C. "Effects of the 'Consumer Game' on
Learning and Attitudes of Selected Seventh Grade
Students in a Target-Area School." Report No. 65
of the Center for the Study of Social Organization
of Schools. Baltimore: Johns Hopkins University,
1970 (ERIC ED No. 038 733).

"Consumer." New York: Western Publishing Co., 1969.

"Ecology." Cambridge, Mass.: Urban Systems, Inc.,
1970.

Fuller, Kenneth. "Beyond Drill and Practice: Using
Computers to Teach Quantitative Thinking."
,Science and Children, 23 (8): 1986, 16-19.

Gagne, Robert M. The Conditions of Learning. 2nd ed.
New York: Holt, Rinehart & Winston, 1970.

Girod, Gerald R. "The Effectiveness and Efficiency
of Two Types of Simulation as Functions of Level
of Elementary Education Training." Final Report,
Project No. 9-1-055. U.S. Department of Health,
Education and Welfare, Office of Education, Bureau
of Research. Pullman, Washington. September,
1969.

Goodman, F.L. "Gaming and Simulation." In Second
Handbook of Research on Teaching, Robert
M.W. Travers, ed. Chicago: Rand McNally,
1973, 926-939.

Gordon, Alice Kaplan. Games for Growth. Palo Alto,
Calif.: Science Research Associates, Inc.,
1972, 123-131.

Horn, Robert E. The Guide to Simulation/Games for
Education and Training, 3rd ed. Lexington,
Mass.:Information Resources, 1977.

Kirkup, L. "Magnetic Line Simulation Using a
Microcomputer." Physics Education, 21 (2):
1986, 107-110.

Klausmeier, Herbert J., and R.E. Ripple.
Learning and Human Abilities: Educational
Psychology. New York: Harper & Row, Publishers,
1971.

35536'7



Maidment, Robert, and Russell H. Bronstein.
Simulation Games: Design and Implementation.
Columbus, Ohio: Charles E. Merrill Publishing
Company, 1973.

Matheidesy, Maria. "Running Errands: A Communication
Board Game." Simulation/Games For Learning,
17 (3): 1987, 120-126.

McDonnell, John J. and Robert H. Horner. "Effects of
In Vivo versus SimulationPlus-In Vivo training on
the Acquisition and Generalization of Grocery
Items Selection by High School Students with
Severe Handicaps." Analysis and Intervention in
Developmental Disabilities, 5 (4): 1985, 323-343.

McGinty, Robert L. et al. "Do Our Mathematics
Textbooks Reflect What We Preach?" School Science
and Mathematics, 86 (7): 1986, 591-596.

"Monopoly." Salem, Mass.: Parker Brothers, 1935.

Plienis, Anthony J. and Raymond G. Romancyzk.
"Analysis of Performance, Behavior, and Predictor
for Severely Disturbed Children: A Comparison of
Adult vs. Computer Instruction." Analysis and
Intervention in Developmental Disabilities, 5 (4):
1985, 345-356.

Popkewitz, Thomas. "Social Inquiry and Schooling."
The Educational Forum. 27: 1977, 315-320.

Powers, Richard B. "The Commons Game: Teaching
Students About Social Dilemmas." Journal of
Environmental Education, 12 (2): Winter, 1985-86,
4-10.

Reese, Jay. Simulation Games and Learning Activities
(it for the Elementary School West Nyack, N.Y.:
Parker Publishing Co., Inc., 1977.

Rickman, Gena S. et al. "Simulation Procedures
for Teaching Independent Menstrual Care to
Mentally Retarded Persons." Applied Research
in Mental Retardation. 7 (1): 1986, 21-35.

338

356



Rudnitsky, Alan N. and Charles R. Hunt.
"Children's Strategies for Discovering Cause
-Effect Relationships." Journal of Research in
Science Teaching, 23 (5): 1986, 451-464.

Spraggins, Charles C. and Robert E. Rowsey.
"The Effect of Simulation Games and Worksheets on
Learning of Varying Ability Groups in a High
School Biology Classroom." Journal of Research in
Science Teaching, 22 (3): 1986, 219-229.

Twelker, Paul A. "Simulation: What is It?
Why Is It?" Paper presented at the
conference, "Simulation: Stimulation for
Learning," sponsored by the Commission on
Education Media of the Association for
Supervision and Curriculum Development, NEA,
San Diego, CA, April, 1968.

Vincent, Barbara. "Design for Decision Making in
the Classroom." Technological Horizons in
Education (T.H.E.) Journal, 1.1 (4): 1986, 80-84.

Waugh, Michael L. "Pasta Predation." The Science
Teacher, 11 (5): 1986, 36-40.

Zuckerman, David W., and Robert E. Horn.
The Guide to Simulation Games for Education
and Training. Cambridge, Mass.: Information
Resources, Inc., 1970.

3 3 9

357



CHAPTER 9

SCIENCE SAFETY*

The Legal System in Perspective

Contemp,Jrary United States society is among the

most litigious (requiring intervention of the legal

system to resolve disputes) in world history.

According to Timothy Gerard, an attorney experienced in

science education concerns:

The connection between safety and the law is
founded in reasonableness. The law only
requires that a person be reasonable, that
is, exercise good common sense. So, too,
good safety consists mainly in behaving
reasonably and exercising good common sense.
A teacher does not need to worry about
adopting quantities of unfamiliar habits in
order to conform to what the law expects, to
avoid being sued. Rather, a good teacher
can avoid being sued by merely being
reasonable and promoting a safe learning
environment. (1986, p. 98)

It is prudent for citizens to consider the impact

of this legal system upon their personal and

professional activities, however, it must be kept in

perspective to all other factions of society.

Educators should thus understand federal, state, and

local laws which influence their jobs, however,

paranoia about being sued can seriously compromise good

teaching.

*Used with permission of Jack A. Ger'ovich.
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The purpose of this chapter is not to make

teachers of scie' :e into attorneys, Lut to reduce their

paranoia by raising their knowledge level of the more

salient and applicable components of the law relative

to science teaching. In addition, the protection

afforded to reasonable and pruaent teachers under our

legal system will be presented.

Tort Law

A Tort is a civil wrong not involving contract'
The term is applied to a variety of situations
where one suffers loss due to the improper (but
noncriminal) conduct of another. Courts hold
those who commit torts liable in damages to those
injured. The most common tort is negligence.
(Reutter & Hamilton, 1976, p. )

In other words, a tort is an action, or inaction,

by one person which resul,:s in injury or death to

another. For the purposes of this chapter, it is an

accident relative to the educator's job description.

One of the major tort actions filed against science

teachers stems from alleged negligence. This section

will stress this type of behavior in detail.

Foreseeability

Critical to deciding the disposition of torts are

two parameters: "foreseeability" and "reasonable and

prudent judgment."
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Di' the person who caused an injury to another,

especially a person in a position of responsibility--a

teacher, attempt to foresee any accidents which might

occur during the activity being undertaken, and did he

or he attempt to eliminate that hazard?

roreseeability will, in turn, be decided based upon the

performance of three duties of the teach :, including;

Instruction, Supervision, and Maintenance of equipment

and environment. These duties will be discussed in

another section of this chapter.

Teachers must become atuned to assessing their

educational environment for possible hazards and then

to take appropriate action to reduce these Aentified

hazards to "acceptable" levels. In some extreme

instances, activities may have to be significantly

modified or eliminated if the foreseeable hazards

cannot be reduced to acceptable levels.

Reasonable and Prudent Judgment

In addition to attemrting to foresee any

accidents, teachers should ask themselves, prior to

conducting all hands-on activities with students,

questions concerning reasonable and prudent judgment.

Would a reasonable and prudent person conduct this

activity in the same, safe, manner as I am? Would my
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techniques be accepted as consistent with my peers? Is

there something about the activity that I do not

completely understand? Should I seek assistance from

another person or other resource which could better

apprise me of the information I need to conduct this

activity safely?

Teachers must recognize that there is no clear

definition of a "reasonable and prudent person" since

the definition would vary with the situation,

background and general understanding such a person

would apply in the situation in question. This is one

of the greyest areas of tort law.

The purpose for mentally- reviewing such parameters

as foreseeability and reasonable and prudent judgment

prior to conducting any activity with students is to

help assure the teacher that such components of their

instruction are indeed safe and that he or she can

pursue them with confidence.

Sovereign Immunity

Prior to 1967, public school districts could not

be sued for torts committed by themselves or their

agents or employees. This was due to a carryover of a

British law which basically stated that the kinc, and

his court could do no wrong so they could not be held
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liable for injuries to another. In this country

government employees, were paralleled to agents of the

king and also afforded this same protection.

During the mid 1960s the Doctrine of

Sc.areian Immunity, which stated that any governmental

operation could do no wrong and therefore could not be

sued without it's consent, was repealed. Governmental

agents, and educators being governmental employees,

indirectly, could now be sued for tort mishaps.

This was a significant change for all government

agencies and employees. Government agencies rest,cnded

in one of two manners. One response to this change was

swift, predictable, and costly. Governmental agencies,

including schools, began to purchase liability

insurance.

The second response, to the replace the sovereign

immunity doctrine, with a better and fairer concept.

The new doctrine was called the "Save Harmless

Provision" and it became one of the most powerful

pieces of legislation that a teacher coi'ld have

afforded them relative to tort liability.

Save_ armless Provision

After the change in the Sovereign Immunity

Doctrine, governmental agency personnel were initially
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confused as to how to protect their organizations and

employees from liability. Especially since, in many

instances, governmental agencies weie the bodies

responsible for drafting, enforcing and fund_ag le

regulations necessary to protect citizens and

organizations from injuring each other.

Educational agencies were not immune from this

paradox. However, the legislation that did finally

emerge was one of the most powerful benefits an

educator can realize relative to tort liability. Ths

language of such provisions is similar in most states,

and is reflected in the example below from the state of

Iowa.

Although the teacher, as well as others affiliated
with the school system may incur liability, even
while utilizing reasonabl .And prudent judgment,
governmental subdivisions would be required under
the save harmless provision of the state code to
protect the teacher and pay any damages incurred.
The only exceptions to this requirement would be
cases involving malfeasance (unlawful acts) of
willful neglect. (School Laws of Iowa, p. 439)

It is obvious that should an accident occur within

the scope of the teachers employment duties, that the

district and the teacher could be sued for negligence.

However the school district would be responsible for

protecting the teacher and paying all costs incurred

during defense trials and for any monetary losses
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suffered due to liability. The on.ly exceptions to this

rule would be cases in which the plaintiff (injured

party) could prove willful negligence or prove that the

teacher broke the law.

Willful negligence is very difficult to prove,

especially if tha teacher makes any attempt to use

reasonable and prudent judgment and to foresee hazards.

However, breaking the law can occur more easily than

imagined, especially when considering the "goggle law"

instituted in most states. This law will be discussed

in greater detail in another section of this chapter.

Liability Insurance

In order for governmental bodies including schools

to protect their employees from tort suits under the

save harmless provision they began `o purchase

liability insurance. Today, the great majority of

school districts purchase such insurance for all

employees.

The premium costs for securing liability insurance

can generally be purchased with funds from the

district's general fund, any other fund, or levied in

excess of anv tax limitation imposed by statute.

Educators should be cavtioned that although

liability insurance is a protection, it should be
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viewed as seconda7y to, ana enhanced by, proper teacher

"onduct.

Some teachers w 11 secure additional insurance

from professional societies. Often, new teachers are

pressured by sales representatives from local, regional

and national insurance companies to purchase additional

coverage for instructing in such subjects as science.

The rationale being that since science teachers deal

periodically with hazardous materials, they would be

more difficult to defend in an accident. Teachers

should not yield to such pressure without carefully

first reviewing their district policy as well as that

of the insurance company for redundancy. In many

instances, such individual insurance policies will

state, in the fine print, that "this is a secondary

policy contin ent on the fact that the insured has a

primary .olicy covering tort liability." What this

means is that such insurance will not be brought to

bear in a suit unless the primary (school) insurance

carrier defaults, or the value of the suit exceeds

coverage of the primary carrier.

In some unusual] teaching assignments, where one

person fills multiple roles, additional outside

insurance may be justified. If, for instance, a
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science teacher instructs and simultaneously drives the

school bus for field studies, there may be

justification for additional coverage. For, if an

accident occurred and 30 to 40 students sued the

teacher collectively, the suit could exceed the

coverage of the primary insurance carrier and the

secondary policy "could" come into play. Such a

scenario would be exceptional rather than the rule for

most teachers.

Statute of Limitations

Before a plaintiff (parent, student) can attempt

to assess a defendant's (teacher) innocence or guilt

relative to negligence under tort law, he or she would

have to initiate the suit action within specific time

frames. Generally speaking, papers would have to be

filed with the county clerk within six months of the

incident and action commenced within two years.

Since overt action concerning a tort liability

case could begin years after the incident's occurrence,

it would be wise for a teacher to compile careful

records to protect himself or herself from future legal

actions by the plaintiff.

Accident recos.:truction should include information

from all school personnel involved in any way in the
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incident; injured parties; student witnesses; nurses.

A taperecorder is a good way to interview parties

involved and to preserve this valuable information.

Such records should be retained in a safe place until

the statute oZ limitations is exceeded. If a suit is

brought at a later date, information collected

immediately after the event would be a very useful and

powerful defense.

It may be wise to note that it is "generally"

recognizea by the courts that students below the age of

seven years cannot be held responsible for their

actions; between the ages of seven and fourteen years,

they may be held responsible for their actions,

depending upon the situation; and beyond fourteen years

they probably will be held responsible. This generally

means that teachers must protect very young students

from nearly every type of foreseeable injury. This has

serirus implications concerning the types of hands-on

activities the teacher should demonstrate or have

students conduct. Can you foresee any accident

occurring when children are conductirg a certain

activity and have you taken all reasonable precautions

to eliminate them?
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Negligence

Before a suit can be pursued very far against an

individual, there must be some evidence that negligence

was involved in the incidence. Negligence is generally

defined as conduct that falls below a standard of

performance established by law to protect others.

Standards may extend to accepted practices for an

activity which are endorsed by a profession or by

knowledgeable persons within such professions.

Techniques for handling, dispersing and student use of

flammable liquids in academic settings may not be law

in many states, however, guidelines concerning use of

such materials would be available from such

organizations as the fire marshall, Occupational Safety

and Health Association (OSHA), National Science

Teachers Association, and from publications such as

Science Safety for Elementary Teachers (1984) and How

to Avoid Being Sued While Teaching Science (1986)

written by knowledgeable experts in the field of

science safety.

Educators who have participated in safety

inservice programs and who have received formal

education in this subject in college level courses

would generally be held to a higher standard of
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expectation by the courts. However, those who are not

knowledgeable of such information cannot use ignorance

as a defense for an accident. It is a teacher's

professional duty to stay current in these areas!

In order for negligence to be proven against a

person, the courts have generally held that the

following four questions must be answered

affirmatively. This is part of the process of deciding

due care on the part of individuals such as teachers in

positions of responsibility. Due care generally refers

to one person's responsibility to care for another.

Persons in positions of leadership generally have a

greater responsibility to care for others than do those

not in such positions.

1. Did You Owe A Dutx To The Injured Person?

Teachers must recognize that they are in an unique

position relative to due care. They are responsible

for thn most precious possession many adults will ever

have--their children. Parents, students,

administrators, school boards, and society expect that

the teacher will provide their students with a safe

environment in which to learn. If the environment

becomes unsafe, these same parents or guardians should
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assume that the teacher would remove the students from

the hazard.

For very young students, activities must be

nonhazardous and reflective of their limited

recognition of hazards, concrete reasoning skills, and

curscry knowledge of science. Recall that for students

below the age of seven years, they must be protected

from all hazards and they cannot be held responsible

for many of their own actions.

Teachers must have a working knowledge ol their

job responsibilities to address this question. Does

your teaching duty exteni to equipment repair,

playground or hallway duty, or transporting students to

events in your personal vehicle? A teacher must be

knowledgeable of such questions relative to their

teaching duties in order to prevent a minor incident

from degrading t' a serious accident.

2. Did You Fail To Exercise Your Duty Of Care?

Failure to exercise reasonable and prudent judgment or

not anticipating reasonable dangers which produce an

accident could result in the teacher being held

negligent. Failure to exercise care can range from

doing something which is inappropriate for the
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situation to not initiating an action welch would have

prevented the incident.

An example of an omission resulting in an accident

could be a field trip which a teacner is planning for

which he or she forgets to send home permission slips

to parents Jr guardians outlining the location of the

trip, date, time of day, method of travel, and

supervision provided. Although a permission form will

not absolve a school, or it's employees, from

responsibility during such trips, to conduct such

excursions without them is foolhardy. The main purpose

of such forms is to provide the parents or guardians

the opportunity to decide whether their child should

participate in the activity. For instance, if the

child had acute hay fever and the teacher were planning

to take a field trip to a natural prairie during the

spring, the parents or guardians might decide to

prevent the child from partaking in the event.

An example of an inappropriate action which could

be viewed as negligent behavior for a science teacher

might be providing very young students with

concentrated solutions of acids and bases and telling

them to move to a corner of the room and discover the

properties of each by intermingling them.
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(Concentrated acids or bases should never be used in

elementary scien'ze classrooms!)

3. Was Another Person (Plaintiff) Injured? It

may be obvious to state at this point that there must

be some type of injury (physical or psychological) to

one party before a serious suit could be brought

against another person. However, it all liklihood, if

the first,two of these four questions were answered

positively, this one will eventually be also. Luck can

prevent injury when unsafe practices are undertaken for

a while, however, the probability of injury increases

with the number and seriousness of the hazards

overlooked.

4. Was The Failure to Exercise the Duty of Care

The Cause of Injury To Another? This may be the most

difficult parameter for the injured party (plaintiff)

to prove against the teacher. It is also the question

which is most easily refuted by a safety conscious

educator. Obviously, if any or all of questions one

through three are answered negatively, this question

would probably also. This should be the antithezis of

concern for the conscientious, future thinking

educator.
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A teacher who endeavors to anticipate any

reasonable accidents, uses reasonable and prudent

judgment in selecting and conducting activities, makes

a conscious effort to guarantee instruction appropriate

to the student, establishes supervision adequate for

the age level and environment in which students are

studying, assures that all faciliti 3 and equipment are

in proper working order, and emphasizes a safety

consciousness with students, may still have accidents.

However the liklihood of becoming involved in or losing

an aggravated law suit on the basis of negligence would

be minimal.

Contributory versus Comparative Negligence

Contributory negligence. Negligence can be

divided into two distinct categories: contributory and

comparative. Contributory negligence involves

incidents in which the student contributes, in some

way, to his or her own injury. This can happen by the

student disobeying teacher's instructions, exceeding

instructional guidelines or safety precautions, by

conducting inappropriate activities, or by disregarding

general rules of conduct.

Contributory negligence is "generally" an all or

nothing situation in tort law cases. Either the
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student did, or did not, contribute to his or her own

injury. If it is proven that the student did disregard

rules which resulted in injury to himself or herself or

to another party, the teacher is generally absolved of

responsibility and he or she is removed from further

involvement in the case.

Comparative negligence, By contrast, comparative

negligence concerns incidents in which each party

involved in the incident is assigned a percentage of

blame. It is not an all or nothing situation as in

cases judged under the contributory negligence clause.

Currently the majority of states assess their

negligence cases under this relatively new negligence

system.

In some instances such a system could allow a

fairer assessment of the responsibility for all parties

involved in incidents or accidents in science settings.

All monetary rewards are made according to the

percentage of blame the courts decide each party must

bear in such cases. If, for example, in a $1,000,000

comparative negligence suit, the defendant, a teaches

is found to be 55 percent at fault and the plaintiff, a

student to be 45 percent at fault, the monetary return

to the student would be reduced by 45 percent of
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$450,000 resulting in a net settlement of $550,000 for

the plaintiff. Cases in which the teacher is deemed 55

percent and the student 45 percent at fault could

occupy significant amounts of court time to resolve.

To the uninformed citizen, such a system seems to

be simply a way for attorneys to generate additional

employment for themselves, while reducing insurance

claims. However, it is too early to assess the

national impact of the comparative negligence system.

Duties of the Teacher

The classroom science teacher generally has three

basic duties, which, when performed correctly, should

help him or her avoid accidents and potential

negligence suits. These duties are Proper Instruction,

Adequate Supervision, and Maintenance of Equipment.

Proper instruction. This duty relates to

providing the student with materials and concepts to

study that are appropriate for his or her level of

reasoning ability, physical and mental development,

emotional development, and science background knowledge

and skills. It would not be appropriate, for instance

to use a sixth grade textbook for a gifted third grade

student. Authors of such texts assume that a twelve

year old has had certain experiences and knowledge to
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draw upon that a nine year old might not. Experience

with the properties of such substances as alcohols

(rapid evaporation rate, flammability, reactivity,

explosive potential) may be a common assumption for

most sixth graders, however, the experience with such

volatile liquids may not be in the third graders

background to draw upon.

In addition to using textbooks which are

appropriate for specific grades, teachers should not

attempt to "literally" interpret them for accuracy.

The courts have ruled in the past that schools do not

hire the textbooks--they hire teachers. In othar

words, a competent science educator should have

students conduct only those activities in the text

which are appropriate for their students. If some

portion of the text does not seem clear, the properties

of substances being incorporated are not clearly safe

in the teachers mind, or the safety equipment or

laboratory hardware are not available, the activity

should not be conducted with students.

Once again, teachers must scrutinize textbook and

materials for conducting activities with students and

attempt to "foresee" any reasonable problems that could

occur and use "reasonable and prudent judgment" in
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deciding which endeavors are appropriate for "their"

students. If the hazards cannot be reduced to

acceptable levels, the materials and/or activity should

nct be attempted. In some instances, certain

activities may be appropriate to conduct with one class

but not another in the same grade, due to the

personality the whole class takes on as a result of

it's collective individuals.

The introduction of PL94-142, which stated

basically that all students are entitled to an

education in the least restrictive environment,

introduced another complication for the science

teacher. It was now possible -1. students with varying

degrees of physical, emotional, and intellectual

handicaps to be "mainstreamed" in the same class. What

should a reasonable and prudent teacher do in such a

situation? Better judgment may indicate that the

severely handicapped student should not partake in

activities which involve materials which could

potentially cause injury. However, federal law says

that such students are entitled to the opportunity to

partake in such courses.

The best recommendation for teachers in such a

situation is to review as much information as possible
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about such "exceptional" students on a case-by-case

basis and decide individually what is best and safest.

Do not attempt to prejudge the ability of such students

based on some previously held stereotypical bias. Many

handicapped students need only a chance, and in most

instances they realize that they must exercise

exceptional caution due to their restriction. Teachers

should review medical problems with the nurse and or

parents and work closely with special education

teachers and/or shop teachers in designing or amending

activities and eauipment which better accommodates the

student's handicap. In addition, teachers might alter

the physical room setting so the handicapped student

can make the best use of his or her available senses.

A hearing impaired student should be moved to the

front of the room where he or she could better observe

hand signals and facial expressions. Visual cues for

such auditory emergency signals as fire alarms and

smoke detectors, should be developed.

A vision impaired student might be placed where

auditory signals can best be received. Furniture

should not be rearranged again without apprising him or

her. Tactile (touching) senses should be used often to

communicate with the student.
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For the physically handicapped student, physical

barriers should be removed. Special lab tables and

protective equipment could be developed for the

wheelchair round student or those on braces or

crutches.

ror the speech and language impaired student, the

teacher should attempt to articulate clearly words and

phrases paying special attention to the mimicking that

such students do.

In addition, teachers might explore the use of the

"buddy system" in which the handicapped, or exceptional

student, is paired with a willing nonhandicapped

student.

Most important, the teacher should guard against

patronizing the student. They recognize such special

treatment and begin to perform to these levels of

expectation. Handicapped and special students want

most to be treated as much like anyone else as

possible. The teacher must be the final judge in

deciding how much an activity must be compromised for

special students. If the compromise is too great to

make learning the concept possible, the teacher may

have to eliminate the student from participation in it.
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Duty of adequate supervision. Assessing the ideal

versus the practical student to adult educational ratio

and attempting to reduce the ratio as the degree of

environmental uniqueness increases are aspects of this

duty. In other words, the greater the environment the

students are experiencing differs from the typical

classroom setting, the lower the student to adult

chaperone ratio must be.

In a "typical," controlled classroom setting, one

teacher per 24 first graders might be adequate;

however, when these same students are studying the

vegetation on the rim of the grand canyon, such a ratio

would be woefully inadequate. Again, the teacher must

"foresee" accidents and use good judgment in assessing

a safe ratio.

It is always best to have school employees,

preferably teachers, serve as chaperones for

educational endeavors, since they are generally

knowledgeable of the behavior of groups of students and

are protected by school insurance. The next best type

of supervision would be school endorsed parents or

adults from the community who are known by school

personnel.
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When transporting students from one location to

another, it is usually best to use school vehicles

chaperoned by school personnel. School vehicles have

been designed with student safety features included

such as: warning and signaling lights and signs,

specific aisle widths and seat and door construction.

In addition they are driven by personnel who are

accustomec to the noise and activity levels of

students. They are also skilled at dealing with

student discipline problems and are covered by school

insurance.

Duty of equipment maintenance. Selection of the

most appropriate materials for students and maintenance

of such in good working order are elements of the third

duty. Every effort should be made to assure that

hands-on materials are properly designed for use by

small hands with limited coordination. Small pieces

which could be harmful if swallowed should not be used

with very young students. Delicate glassware and open

flames would also be questionable.

Upon selecting the most appropriate equipment, the

teacher should assure that it is properly maintained.

Special attention should be given to electrical

equipment for proper grounding, frayed wires, missing
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grounding prongs on plugs, and proximity of such

equipment to water. Glassware should be examined for

cracks which might lead to breakage and/or cuts.

For those rooms which have water faucets, teachers

should explore the addition of "splash gard"

(Gerlovich, 1986) or "kleen eyes" eye/face washes.

These chrome plated eye/face washes attach directly to

the faucet, eliminating expensive plumbing costs. By

simply pulling out a diverter pin, water can be

directed through the faucet or up through the eye

pieces to flush the eyes or face. This safety

equipment should be seriously considered whenever

students and/or the teacher use acids, bases, or salts

in activities. Costs range from $50 to $75 each

including adapters for various faucet sizes. Such

equipment should be checked periodically for proper

operation.

For upper elementary grades, where chemicals would

be used more regularly in science classes, another good

addition would be an "accessory drench hose". The six

foot hose screws into a faucet and has a large hand

operated spray head to direct water over large areas of

the body. The sprayer head can be attached to a sink

or magnetically to a plate on the wall. Again, such
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equipment should be checked regularly for proper

operation.

In addition to these specific pieces of safety

equipment, upper elementary teachers should be sure

they have functioning fire extinguishers, appropriate

fire blankets, proper chemical storage containers

and/or cupboards, acid resistant countertops, places to

secure more hazardous materials away from students, and

appropriate areas for housing and displaying animals

and plants. For more details concerning buildings;

safety equipment; chemical storage; use of animals,

plants and microorganisms, the teacher should refer to

Science Safety for Elementary Teachers (1983).

If equipment or components of the physical plant

(building) are discovered to be broken or in a state of

disrepair, the teacher should not attempt repair,

unless he or she is properly trained or licensed to do

so. Instead, he or she should apprise the proper

authorities of the problem, in writing, and leave

repair work to those with proper training. Putting

such needs in writing and then citing the safety

problem being created, apprises the administration of

the situation in an effective manner. The teacher

should keep a copy of the memo in his or her files for
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future reference or until the equipment is properly

repaired.

Lastly, teachers might wish to attempt some

simulations of various science-related emergencies, to

assess student response. Naturally, every effort would

be made to protect the students during such simulation.

Teachers might blindfold a single student then inform

him or her that he or she has experienced a splash of

an irritating chemical in the eyes. Using other

students to protect the volunteer, the blindfolded

student might then be directed to find the eyewash and

wash the chemical from his or her eyes. The same type

of simulation can be practiced for a student on fire or

a student with a chemical splash on the skin. In most

instances, students do not know the location of safety

equipment or how tc use it.

Teachers might arrange for competent individuals

to visit the class and demonstrate the use of such

common equipment as a fire extinguisher. In most

instances the local fire department is happy to assist

in such efforts. Students are often surprised and

shocked at the high noise level of a carbon dioxide

fire extinguisher being discharged in a closed room.

They also have erroneous perceptions of how the
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chemical will travel and settle when discharged from

the extinmlisher.

The purpose of this section is to make teachers

and students aware of proper operation and maintenance

of equipment. In addition it should encourage them to

recognize problems and the importance of notifying the

proper authorities to maintain such equipment in good

operating condition.

Avoiding Negligence Suits

In attempting to understand the legal system and

its role in assessing negligence, it may assist the

teacher to envision two pans of justice being balanced

at a fulcrum. When a suit is filed, the prosecuting

attorney will endeavor to amass ab much evidence as

possible against the teacher which would demonstrate

the educator's mistakes and poor judgment. Teachers

must become conscious of such legal maneuvering and

attempt to amass all the support they can which

demonstrates their efforts to protect students in

educatioral settings, and themselves in legal settings.

Some specific examples of such teacher efforts might

include:

* attempt to foresee hazards and take measures to

reduce them to a.:ceptable levels.
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* develop, and have students sign safety contracts
which indicate they are aware of hazards and
understand rules and safety precautions.

* develop and place diagrams and signs in
strategic locations about the room that
constantly remind students of safety concerns.

* conduct impromptu emergency simulation
activities with students which apprise them of
potential accidents and how to address them.

* become knowledgeable of federal, state, and
local regulations related to safety issues in
science education.

* assure that instruction is appropriate for
students.

* assure that supervision is adequate for the type
of students and the environment in which a
science activity is being conducted.

* assure that equipment is working properly by
using it regularly.

* keep administrators informed of safety concerns
and equipment which needs repair.

* be consistent and emphatic in enforcement of
safety rules and discipline.

* be sure to understand the purpose, outcome
expected and hazards affiliatei with all
activities which are demonstrated or in which
students participate.

* develop a safety conscious attitude in students
by providing them a good teacher role model to
follow.

* know if your state has an "Eye Protective
Devices" or "Goggle Law" and be sure to enforce
it!
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* establish a representative library of strategic
science safety materials (references in
Appendix) and refer to them often.

* attend professional science teachers and safety
meetings and remain current in the field of
science safety.

Eye Protective Devices or Goggle Law

The eye protective devices law has been

implemented in the great majority of U.S. states in an

attempt to identify general eye hazards and to instill

in teachers the need to use protective equipment with

students to reduce the potential for eye injury. The

law as it appears below is from the School Laws of Iowa

(1982) and is typical of most states.

Eve Protective Devices

280.10 Eye-protective devices. Every student and
teacher in any public or nonpublic school shall
wear industrial quality eye-protective devices at
all times while participating. and while in a room
or other enclosed area where others are
participating, in any phase or activity or a
course which may subiect the student or teacher to
the risk or hazard of eve injury from the
materials or processes used in any of the
following courses:

1. Vocational or industrial arts shops or
laboratories

2. Chemical or combined chemical-physical
laboratories involving caustic or
explosive chemicals or hot liquids or
solids when risk is involved

Visitors to such shops and laboratories shall be
furnished with and required to wear the necessary
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safety devices while such programs are in
progress.

It shall be the duty of the teacher or other
person supervising the students in said courses to
see that the above requirements are complied with.
Any student failing to comply with such
requirements may be temporarily suspended from
participation in the course and the registration
of a student for the course may be canceled for
williul, flagrant or repeated failure to observe
the above requirements.

The board of directors of each local public school
district and the authorities in charge of each
nonpublic school shall provide the safety devices
required herein. Such devices may be paid for
from the general fund, but the board may require
students and teachers to pay for the safety
devices and make them available to students and
teachers at no more than the actual cost to the
district or school. (1982, p. 277)

"Industrial quality eye-protective devices," as
used in this section, means devices meeting
American National Standards, Practice for
Occupational and Educational Eye and Face
Protection promulgated by the American National
Standards Institute, Inc. (1979)

Recall that this is law! A teacher who does not

require appropriate eye protection during activities

which could result in an eye injury to a student may be

breaking the law. Such a case might not be judged in

tort law, but rather in criminal law. Insurance

coverage would also be questionable in such a case.

Appropriate eye protective equipment is available

for a $2.00 to $4.00 per pair from a number of

commercial. science equipment companies, including:
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Carolina Biological Supply Co., Lab Safety Supply Co.,

General Supply Corp., and Central Scientific Co. (See

References for citations.)

To comply with the eye protective equipment law,

teachers should be sure to order only those types of

eye protective equipment which meet the criteria of the

American National Standards Institute (ANSI). The

criteria for meeting the ANSI standards for "industrial

quality" eye protective equipment are as follows:

Lenses minimum thickness of 3.0 millimeters
mounted in frames meeting ANSI Z87

standards
permanent identification of manufacturers
trademark and/or ANSI Z87 logo

Frames resistant to strong impact
nonflammable
fronts have permanent manufacturers
trademark and/or Z87 logo

Testing glass or plastic lenses must withstand
impact of one each [sic] steel ball
dropped from a height of 50 inches

Teachers should be sure that any eye protective

devices they purchase bear the appropriate

manufacturers trademark and/or the ANSI Z87 logo on the

lenses and frames. This assures them that such

equipment meets the ANSI and state standards for

"industrial quality." It would also be reasonable and

prudent for a teacher to have students wear their

goggles anytime other students are involved in



activities in f:le proximate area which could create a

hazard to the eyes. Signs and diagrams placed in

strategic places about the room stating "eye goggles

worn here" or "safety practiced here" would also help

students to accept the wear of such protective items.

In addition, teachers should provide students with a

good role model to follow by wearing their own goggles

whenever the situation demands.

Ideally, every student involved in science

activities would have his or her own pair of cover

goggles. However, practically, students will

periodically have to share such equipment. Students

should be cautioned to wash the goggles in a soap and

water solution or with a general antiseptic before they

wear them.

Increasing numbers of very young students are

beginning to wear contact lenses. They should be

counseled to wear protective cover goggles just like

any other student involved in a science activity in

which the potential for an eye injury exists. In

addition, the teacher might want to place a red "c"

next to the student's name indicating that they are

wearing contact lenses. This would be a subtle, but

constant, reminder that, should this student be
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involved in an eye emergenc

the alert for conta

gla

Studen

y, the teacher should be on

ct lenses.

is with street wear, or general safety

sses should also wear safety goggles whenever an eye

hazard exists in a science activity. Cover goggles

will prevent ricocheting particles and liquid aerosols

from contacting the eyes, whereas glasses generally

will not.

If students are wearing glasses with photogray or

photochromic (darkening) lenses, they should not engage

in a science activity immediately after entering the

room from outside. Reasonable and prudent judgment

would suggest that the lenses be given a few minutes to

lighten prior to the student's engagement in an

activity in which clear vision is a must. In addition,

the teacher might close the windows and have the

student, wearing such glasses, keep his or her back to

such sources of radiation to prevent the lenses from

once again darkening. Cover goggles should be used

with such glasses also.

Any student who continually removes his or her

protective goggles during activities in which they

should be worn should be disciplined immediately and

emphatically. If the problem becomes persistent, the
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student must be removed from the privilege of partaking

in the science class. It is better to discipline the

student than to have him or her lose the precious gift

of sight.

Cover goggles are not the most comfortable items

to wear, especially in hot, humid environments, however

the piece of mind they provide far outweigh the

temporary discomfort they produce. It has been said

that 70 percent of what we sense is through visual

stimuli. By providing a good role model, enforcing a

few rules, and assuring that proper equipment is being

utilized, a teacher can help students protect their

most valuable and beautiful eyes.

Case Studies

The information provided in the following case

studies is provided to assist the educator in

understanding the disposition of the courts and juries

in deciding certain types of negligence within tort

law. They should help teachers to comprehend the types

of information they may want to be sure to collect if

they are involved in an accident.

Recall that some states have enacted the

requirement that school employees be defended against

4

392



liability whether or not the school has insurance.

Teachers should know the legal situation in their

respective states relative to such save harmless

provisions and insurance.

The lawsuits which are presented here are limited

to those which were appealed and thus published. Those

cases which are resolved outside the court system, or

not appealed will generally not be published and thus

distributed. Therefore these cases, at best, are very

limited in their representation of the legal cases

involving school science acciden-"s.

If an incident, or accident should occur involving

a science teacher, he or she should involve legal

counsel early, if repercussions are expected. Do not

assume that the issue is not serious until you have a

court date. It is best not to discuss the "details" of

the case with anyone, not involved in the incident

until it is settled.

The best defense for a teacher in such cases is to

use good judgment, attempt to foresee any hazards and

reduce them to acceptable levels, use appropriate

instruction, assure adequate supervision, and attempt

to maintain equipment and facilities in proper working

order. If an accident should occur after taking all
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these precautions, the teacher can generally have faith

that the courts will support him or her. In the

opinion of Timothy Gerard, attorney-at-law and

consultant on science safety:

The law allows that accidents do
happen, sometimes through the fault of no
one. You cannot prevent every accident,
just as you cannot prevent every lawsuit.
But being safety conscious will help
minimize your risk of accident and your
risk of being sued. A teacher with a
good safety record and a good reputation
for safety will make a far better
impression in court than one whose
practices have been marginal. The law
only requires that you be aware of the
risks and take reasonable precautions.
As long as your conduct conforms to the
standards of the profession, and you
attempt to foresee relative problems, you
have met your legal, moral, and
professional responsibilities. More
importantly, you have provided your
students with a safe, yet stimulating and
effective learning environment. (1984,
p. 27)

For convenience, the cases reviewed here will be

divided into two categories, those in which the teacher

was found liable and those in which he or she was not.

Teacher Found Liable

In Bush versus Oscoda Area Schools (1976) a

student was burned when a container of methanol ignited

in the classroom. Due to overcrowding, the mathematics
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room wa. being used to instruct students in science.

The room contained no fire extinguisher, fire blanket,

fire alarm, storage or ventilation facilities, water,

shower, or other equipment normally associated with

science. The methanol was stored in a plastic jug

which was allegedly damaged and split. Open flame

alcohol lamps were being used due to the inavailability

of gas for bunsen burners.

The injured student claimed negligence due to

improper handling and storage of the alcohol, failure

to warn students of the hazards in handling methanol

near flames, failure to educate students in the use of

fire equipment and failure to have fire alarm equipment

in proper working order.

The teacher was found negligent, however the

principal and superintendent were absolved since they

were not informed of any problems by the teacher.

In Simmons versus Beauregard Parish School Board

(1975) the school was held negligent for lack of

teacher supervision of a 13 year old student who built

a volcano in which he incorporated a firecracker for

power and visual effects. The volcano was designed as

part of a sr.:hool science exhibit.
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In Guerrieri versus Tyson (1942) two teachers were

held liable for injuries to a ten year old student when

they held his infected finger in boiling water. The

court ruled that the situation was not an emergency and

that the teachers were not qualified to use such

treatment to address the problem.

Teacher Not Liable

In Gaincott versus Davis (1937) an elementary

student was injured by falling from a chair. The

student was attempting to water a plant used in nature

studies at the time. A glass bottle was being used to

transfer water from the tap to the plants. When she

fell, the glass bottle broke, cutting her hand. The

court found that there was no breach of duty and thus

the teacher was not liable.

In Wilhelm versus Board of Education (1962) two

students were injured when they attempted to mix some

chemicals stored on the science room shelf. The two 13

year olds were working on science projects with teacher

approval, in a laboratory with the door closed. The

students knew the chemicals were dangerous and thus the

court ruled that the studei.ts were contributorily

negligent for such conduct.
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In Madden versus Clauser (1971) a student was

poked in the eye with a pencil while the teacher was

briefly out of the room. The students apparently began

to fight over the pencil in the teacher's brief

absence, resulting in the injury. Because of the brief

period of time involved in the incidence, the court

ruled that the teacher's presence would not have

prevented the accident, therefore no negligence was

assessed.

In many ways a teacher's legal liability, within

the context of our suit happy society, is a study in

paradoxes. A teacher is generally recognized as the

moral underpinning of our society, the citadel of

citizenship in communities throughout the country,

dedicated individuals who are willing to sacrifice

economic remuneration for the intangible reward of

personal interactions with this country's greatest

resource--it's children. How plaintiffs can file suit

against such well meaning individuals is difficult to

understand. However, as we all know, it does happen.

The most effective defense for a teacher attempting to

do his or her best under such conditions is to plan

defensively. Know the law, then use your best judgment
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and care to provide your students with a quality



REFTTENCES - CHAPTER 9

"Accessory Drench Hose," Lab Safety Supply Co., P.O.
Box 1368, Janesville, Wisconsin, 53547-1368.

Bush V. Oscoda Area Schools. 250 NW 2d 759, 1976.

Carolina Biological Supply Co. Catalogue, Burlington,
North Carolina, 27215 or Gladstone, Oregon, 97027.

Central Scientific Supply Co., 1122 Melrose Ave.,
Franklin Park, Illinois, 60131-1354,
1-800-262-3626.

Downs, G.E., J.A. Gerlovich, et al. Science Safety
for Elezentary Teachers, Iowa State University
Press, Ames, Iowa, 50010, 1983.

Gaincott V. Davis. 281 Michigan 515, 275 NW
229, 1937.

General Supply Corp., P.O. Box 9347, 303 Commerce Park
Dr., Jackson, Mississippi, 39206, 1-800-262-3626.

Gerard, T.F. "Defending Against Liability: Chapter in
Gerlovich, J.A. et al., School Science Safety:
Elementary, Flinn Scientific, Inc., Batavia,
Illinois, 50510, 1984, 27.

Girard, Timothy. "Safety and the Law: What's the
Connection," chapter in Gerlovich, J.A., How to
Avoid Beina Sued While Teaching Science: The
Total Science Safety System for Grades 4-7, NASCO,
Ft. Atkinson, 1-800-558-9595, 1986.

Gerlovich, J.A. (1986) How to Avoid Being Sued While
Teaching Science: The Total Science Safety System
for Grades 4-7, NASCO, Ft. Atkinson,
1-800-558-9595, 1986.

Guerrieri V. Tyson. 24 A 2d 468, 1942.

"Kleen Eyes Eye Wash Fountain," Lab Safety Supply Co.,
P.O. Box 1368, Janesville, Wisconsin, 53547-1368.

Lab Safety Supply Co. Inc., P.O. Box 1368, Janesville,
Wisconsin, 53547-1368.

399 411



Madden V. Clauser. 177 A 2d 60, 1971.

"Practice for Occupational and Educational Eye and Face
Protection, Z87.1-1979," American National
St idards Institute, Inc. New York, N.Y.

Reutter, E.E., Jr., R.R. Hamilton. The Law of Public
Education Second Edition, The Foundation
Press, Inc., 1976, 272.

Simmons V. Beauregard Darish School Board. 315 S 2d
883, 1975.

"Splash Gard Eye/Face Wash," Lab Safety Supply Co.,
P.O. Box 1368, Janesville, Wisconsin, 53547-1368.

State of Iowa. School Laws of Iowa, Chapter 613A, Des
Moines, Iowa, 1982, 439-440.

Wilhelm V. Board of Education. 189 NE 2d 503, 1962.

Williamson V. School District No. 2, 695 P 2d 1173
(Colo Ct. App 1984).

4 : 2

400



CHAPTER 10

EVALUATING STUDENTS AND ELEMENTARY SCIENCE PROGRAMS

Stimulating students to use inquiry techniques

will be little or no problem. But a major problem that

teachers face is how to "evaluate" the efforts.

Currently it seems that test scores are the only things

that count anymore. Yet the really important results

of schooling are those that take years to learn and

measure--good attitudes, citizenship, ethics, a sense

of moral obligation to humankind, care of property,

recognition of the rights of others. . . to list but a

few. But such philosophizing will not help you

convince parents or school trustees that their children

are learning something worthwhile in science.

So, we are presenting selected evaluation

techniques that are easily applied to science

instruction. Let us first focus on two concepts of

evaluation as a feedback mechanism.

Measuring Student Performance

Formative and Summative Evaluation

A basic objective of any evaluation system is to

determine the extent to which the intended learner

objectives are being achieved and the impact that the
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instruction or assignments are having on the learners.

To accomplish this evaluation objective, two additional

evaluation methodologies are use4 by educators: (1)

formative; and (2) summative. Michael Scriven (1967)

first suggested these modes.

Formative evaluation. Formative evaluation is

designed to provide feedback in a rather immediate

sense. Formative instruments are designed specifically

to monitor selected aspects of any assignment or to

determine where learning problems are emerging. By

using formative evaluation, problems may be quickly

identified and corrected. For example, if some

methodology is being used that causes the students to

do poorly, through formative evaluation quick

remediation may take place. Often the teacher gives

assignments but does not check the students' work until

the conclusion of the unit, which is usually too late.

By continually checking the "small steps," the teacher

may identify instructional problems. This means that

the teacher observes many different facets of a course

while it is being conducted.

The rationale for formative evaluation is to

provide data to the student and teacher so that they

may make corrections -- immediately, if not sooner! When
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students realize that science instructional activities

are being monitored constantly, they tend to become

more responsible and more productive. The

instructional climate and total program environment

become positive and supportive. This is precisely the

kind of learning climate that the teacher always ought

to foster when teaching. Conversely, classes have

"gone on the rocks" because the teacher was not

evaluating student activities over short periods of

time, but waited until the very end of the course or

unit to accomplish a one-shot final evaluation.

Only a few selected science items need to be

checked in any one formative evaluation. These items

would all be based on the stated or intended learning

objectives. One does not need a lengthy set of test

items. The important point is that the feedback is

collected while there is adequate time to make

adjustments for the student.

Using formative evaluation is much more subtle

than simply specifying performance objectives.

Formative evaluation requires that the teacher

carefully observe a selected set of experiences for all

participants. For example, in most science programs,

soma form of activity is used to build a cluster of
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skills for future use. A teacher subscribing to

formative evaluation monitors the skills and, when a

student performs inadequately, a new set of experiences

that relate to the instructional objectives are

provided. To correct any noted learning deficiency, it

is important not to wait until the "unit exam." Thus,

periodic correctives are an integral part of the

formative evaluation plan.

One simple method by which to record formative

data is to tabulate the absolute numbers or percentages

of both individual and group activities. The teacher

can compare group data on a graph so that the

directions of the students could be displayed for

instant visual analysis. Or, prepare a checklist with

traits to be evaluated. A simple mark by a child's

name would indicate that you observed the trait.

The essential characteristic of formative

evaluation is that "hard data" are being collected for

decision-making. But, more importantly, corrections

are built into the scheme, so that feedback is used

when it is needed most--not stored for future judgment.

In short, use some reteaching, peer tutors or small

cooperative learning groups so that those who do not
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illustrate the behavior have an additional experience

and concomitant success.

Summative evaluation. Evaluation that is

conducted as the final or concluding task of a unit is

called summative evaluation. We should note that

summative evaluation may be the final formative

evaluation of a course or unit. Summative evaluations

may take several forms, as long as they are consistent

with the prescribed objectives of the unit, course, or

module. Again, summative data can be tabulated as

absolute responses, and then a percentage is calculated

for each item. Comparisons between students also can

be made from summative data (but not from the formative

measures). The final grades is, of course, determined

by the summative evaluations (note the use of the

plural). Good teachers do not have one summative

evaluation. They place evaluations at logical points

in the course, such as at the ends of units, chapters,

modules, or learning activity packages. The summative

sets can then be arrant' i in a profile to illustrate

the sum of evaluation activities. Formative data thus

provide feedback, that is, a plan to help the learner;

while summative scores lead to "grades" or to

"judgments" about the quality of the performances.
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Of course, it may be argued that formative and

summative techniques will cause the teacher to change

directions for several students. We agree and submit

that if these techniques are properly used, the

objectives of the entire class may even be altered.

Success is the underlying goal of this technique.

If a science lesson needs to be modified because of

unrealistic expectations (objectives), then why not

alter it?

Perhaps the most convincing advantage of the

formative and summative model is that there are no

"surprises" at the end of the prescribed work. With

early feedback evaluations built into the system, all

elements should stress student success.

These two evaluation "philosophies" (if you will)

are implemented through a variety of tests or

evaluations. Let us examine some of them now.

Achievement Tests

Regardless of philosophy the schools must focus on

achievement variables of evaluation. Achievement tests

are constructed to assess a student's terminal behavior

or the expected behavior or attainment of the student

after completion of a chapter, unit, module or course.

Achievement tests are developed to assess
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characteristics of the present behavior or performance.

These scores show a level of present skill development.

Achievement scores provide two types of

information: (1) the student's level of skill and/or

knowledge relative to an established level of mastery,

and (2) the relative ordering (rank) of tne student's

score in relation to the rest of the class. The first

type of information is classified as a criterion-

referenced measure. These measures depend upon an

absolute standard of quality. This means that the

student either has or has not acquired the

predetermined mastery level of the science skill. The

degree of skill attainment is usually stated in some

descriptive term. The second type of information

(relative ordering) is usually referred to an norm-

referenced since it compares a student with other

students in a select group. Norm-referenced tests are

those most commonly used for local, state or national

comparisons.

Criterion-referenced tests. A criterion

referenced test is one that is intentionally designed

to produce scores which may then be directly

interpreted regarding attainment of previously

specified performance levels related to mastery of the
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subject. These performance levels are established

through the definition of the domain or group of

behaviors or sets of knowledge which the student should

be able to perform or know at the end of a unit,

module, or course.

In this regard, it is absolutely essential that

performance objectives be clearly stated. The essence

of criterion-referenced testing is to test whether a

specific learning objective was accomplished or not.

For example, assume that one objective was, "the

students shall serial order eight blocks of varying

sizes, from the shortest in height to the tallest in

height, with no errors in ordering." In this case you

could test the children either by using a series of

sketches illustrating various orders, including the

orrect order; or you could ask each student to perform

the 'isk. Note, in this example, the task is to order

the objects. Neither time nor rate is considered, thus

these criteria would not be judged.

The technique of specifying objectives, teaching

to them, and testing to them specifically is now called

"curriculum alignment." In theory it sounds easy. In

practice it takes discipline and curriculum planning.
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Mastery. Assumed within criterion-referenced

tests is the concept of mastery. Defining mastery has

been and continues to be a problem for all science

educators. Mastery learning has been defined in a

variety of ways. Benjamin S. Bloom (1968) summarized

the basic premise by uniting many approaches. He

observed that if a normal distribution of student

aptitude or potential is assumed, i.e., a large number

of students have average potential, with a smaller

number having either more or less than average

potential, and the type and quality of instruction plus

the time allotted for learning to occur is adjusted to

meet the individual needs and characteristics of these

students, then most of the student: should be expected

to attain a mastery level of the subject.

Two types of mastery were noted be Bloom: (1)

skills or knowledge which allows the student to

transfer the learning of a new situation, and (2) the

number of items passed on a test. Related to these two

types of mastery is the problem of whether to base

mastery upon the selection of a correct answer and/or

the production of an answer. The previous example of

serial ordering illustrated that the mastery could be

determined by the selection of a pictorial description
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or a proper order as opposed to the actual performance

of an accurate ordering. If transfer of learning

(application) is to take place the student should

actually be able to produce a proper response in a

variety of situations.

Cognitive domain. The cognitive domain that was

presented originally was based upon Bloom's cognitive

taxonomy. Thomas S. Baldwin (1971) presented an

adaptation that was originally designed for industrial

arts teachers but which appears to be as efficacious

for science educators who are involved in writing test

items. Baldwin's adaptation was developed to satisfy

two basic goals. First, a taxonomy should be easily

understood by educators who are generally unfamiliar

with educational theory; and second, the revised

taxonomy should include the various cognitive levels

performed by students of science education. Thus, if

used for planning and evaluating the cognitive domain

would ensure inclusion of cognitive levels relevant to

any program or project. The four subcategories of

Baldwin's cognitive domain are discussed below.

Knowledge. Test items developed to test student

performance at this level require recall of information

which students previously experienced or learned. The
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major factor here is memory of information. For

example, the student may be asked to give specific

information or conditions required to produce snow.

Understanding. Test items for this level require

responses that go beyond that which has already been

learned and/or practiced. These responses may be in

the form of interpretations noting similarities or

differences, and analysis of situations or problems,

For example, the student may be given a particular

weather situation developed as a case study and then

the student is asked either to produce or select an

interpretation of what may happen.

Application of knowledge. These test items

require the student to make use of previously learned

information. Neither the problems nor the information

are new to the students; hence, the necessary responses

should be relatively routine. For example, a question

couli be asked concerning a factor in the process of

hail production in clouds.

Application of understanding. Test items at this

level requires understanding of the material to give an

appropriate response. Several components of the

problem have been experienced by the student before,

but a minimum of one element must be new to the
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student. This new component can be either a part of

the problem or the solution.

For example, a student may be given a diagram of a

simple electric circuit and the student is to select

which of four statements describes the circuit's

operation.

All of the above tend to evaluate achievement of

cognitive objectivas provIding that each student is

given adequate experience and practice at the skill.

Yet, there are other equally important objectives in

science that must be evaluated, for example, process

skills.

Evaluating Process Skills

To aid, there are a few extensions that might be

applied to the traditional report card. However, in

science the report card extension would stress the

processes, with just a were passing over of the

content.

We are very cognizant that many of the criteria

that will be listed require a great deal of subjective

judgment on the part of the teacher. But being

subjective is not to be confused with being arbitrary.

Subjectivity is that element of judging that requires a

knowledge of the criteria and a comparison of the
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individual's performance judged by those criteria.

Think for a moment about the judging of a track meet

where the criteria are clearly defined for the sprints.

Now compare these criteria to those of gymnastics or

diving. In the latter areas the criteria are known,

but subjectively applied. This analogy applies to the

judging of inquiry in the classroom.

Figure 10-1 presents one of many possible sets of

criteria. You must select the criteria that you think

are appropriate to your science classes and then apply

them to each student. Over a period of months, you'll

observe a definite pattern of science process behavior

that indicates the relative growth from using an

inquiry strategy, or perhaps a cooperative learning

model.

There are many other forms that you can use to

evaluate processes. Note that Figure 10-2 was

developed and used in the Spokane, Washington, public

schools. At the time this form was devised, Spokane

had no formal process instrument. This record was

produced by a committee of educators and is oriented

directly to Spokane's elementary science program,

Science Curriculum Improvement Study (SCIS).
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In this form, observe that every element is

behaviorally oriented. Classify each of the criteria

a-;cording to Bloom's six categories. You will discover

that, surprisingly, there are no knowledge-level

criteria. The criteria used are all at the

Comprehension, Application, Analysis, or Synthesis

levels - - -all involving higher-level cognitive behavior.

You will also observe a few affective qualities as well

as one or two c:iteria involving psychomotor activity.
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Criteria for Evaluation in
Science

Ranking by Month*

Oct. Nov. Jan. Feb.

Curiosity -- awareness of
environment, questioning
attitude
Initiative -- ability to work
independently without direct
guidance
Willingness to risk failure to
try a novel idea
Sense of responsibility to the
group
Powers of observation

Organization and purpose in
attacking a problem
Care and use of equipment

Recordkeeping -- completeness
and form
Communication -- relevancy of
message
Ability to classify
information
Ability to formulate
generalizations
*The attitudes and behaviors listed are evaluated on a
1-5 scale, with 1 indicating "Not Usually Observed," a
2 indicating "Observed Very Infrequently," a 3

"Observed on Occasion," a 4 "Observed Rather
Frequently," and 5, "Always Observed." A "N/A" is used

for "not applicable.' Criteria that will be evaluated
are those having special relevance to the current
science objectives and program.

Figure 10-1. Evaluation of Pupil Progress in Science
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Figure 10-2. Pupil Evaluation Record for Elementary
Science Program

(Note: Teacher retains in file--records grade on
report card each quarter.)

Name of Pupil:

Grads: School Year:

Key: 4 = Demonstrates great proficiency.
3 = Demonstrates proficiency.
2 = Demonstrates some proficiency.
1 = Demonstrates little proficiency.

Directors: Insert number in box provided for
appropriate quarter.

EVALUATION CRITERIA

I. Curiosity
A. Uses several senses to

explore organisms and
materials.

B. Asks questions about
objects and events.

C. Investigates circuits
and other systems
actively.

D. Shows interest in the
outcrInes of experiments.

II. Inventiveness
A. Uses equipment in

unusial and constructive
ways.

B. Suggests new experiments.
C. Describes novel conclusions

from observations.
D. Proposes original models to

explain observations.

III. Critical Thinking
A. Uses evidence to justify

conclusions.
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B. Predicts the outcome of
untried experiments.

C. Justifies predictions in
terms of past experience.

D. Changes ideas in response
to evidence or logical
reasons.

E. Points out contradictions
in reports by classmates.

F. Investigates the effects of
selected variables.

G. Identifies the strong and
weak points of a scientific
model.

IV. Persistence
A. Continues to investigate

materials after novelty
has worn off.

B. Repeats an experiment in
spite of appearance
failure.

C. Completes an activity even
though classmates have
finished earlier.

D. Initiates and completes a
science project.

Arrange--Each Quarter:

Quarter Letter Grade:
(Translate number average to
letter grade.)

Transfer letter grade to report card
for appropriate quarter

Teacher Notes: (include dates)

Source: Spokane, Washington, School District No. 81.

Used with permission.
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Specific Science Testing Mechrnisms

As science is a "contact sport ", it is essential

to use some techniques that can measure achievement of

cognitive, affective or psychomotor skills. Below are

some ideas that represent a very "contact" oriented

evaluation (Doran, 1987).

Applying. Students can be asked to plan or design

an experiment or some means by which to tool an

hypothesis. The teacher would examine the final plan

for completeness and logic.

Students could be evaluated by conducting a

demonstration for the class. This activity would

probably be a team effort, as it usually takes two or

three children to conduct demonstrations. Thus,

performances would be very observable.

Students could be given data sets and asked to

plot them on a graph or to prepare a table. For early

experiences, the use of histogram should be used. In

later experiences, graphing could be introduced when

map reading is experienced in social studies.

Students could be given different tasks to

perform, e.g., measure lengths or volumes, or pour

water into plastic beakers to illustrate knowledge of

volumes.
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After actually conducting some activity, the

students should be taught how to illustrate their

findings by the use of principle figures, drawings or

graphs. This activity allows a student to transfer the

concrete to the more abstract. Further, standardized

tests do make such transfers and require a student to

make the generalizations or conclusions.

To test higher level skills, a teacher could give

a picture or a graph and ask the students to (1)

analyze the information, (2) predict what would take

place next, and (3) illustrate the prediction on the

original handout.

Another simple test is to give students a picture

and ask students to identify patterns that appear.

Writing. A method by which to test science,

reading and writing skills is to have students read

selected passages from their texts and prepare a short

summary about the reading assignment. Note how this

helps students to transfer knowledge to a different

form.

Teams of students could even prepare test

questions (probably at the knowledge level) for other

students. Encourage students to write tests using

multiple choice, true-false, matching, and completion.
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Again, reinforcing and changing the initial

context of learning will help children to learn

science.

Measuring Program Efficacy

Evaluating Science Proctrams

The previous sections provided an overview about

student evaluation. Perhaps, of equal importance is

the evaluation of the adopted sciences program.

Implementing a previously adopted science program or

the anticipation of a newly adopted one tends to be a

source of elementary teacher frustration and anxiety.

If teachers tend to rate the adopted program as being

of poor educational quality, then there is a high

probability that they will teach that science program

as little as possible--if at all. However, one cannot

attack any science program without :le use of clearly

stated and objective evaluative criteria. School

districts often have various checklists by which to

evaluate science programs. There are, however, far too

many cases where adoptions are made somewhat

intuitively and the teachers were not truly involved in

the adoption. To alleviate these problems, let us now

address the issue of science program evaluation.

432
420



Program goals and objectives. Throughout, we have

assumed that present and future elementary school

science programs will be activity oriented. Implied in

the assumption is that elementary science education

will continue to stress the scientific processes by

which knowledge is acquired. Thus, a major goal for

any program is the development of inquiry as a basis

for study.

Whether the curriculum developers use performance

uajectives or some form of knowing what is expected of

the learner is critical. While there is great division

among science educators about the appropriateness of

performance objectives, you need to have some concept

of what is to be accomplished with the various

activities. This is the essence of stated objectives.

Scope and sequence. There is the need for some

logical development of science activities in a "scope

and sequence" chart so that all the staff knows where

the program is ultimately going. Traditionally, the

concepts of scope and sequence have meant that a

pattern of student learning experiences has been

planned or identified. Scope implies the relative

impact of the subject to be studied. When planning for

depth or breadth of a definite science program,
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planners determine the scope. There is a great deal of

divergence in the scope of topics covered in general

science courses being designed for the elementary

school; some will treat each topic in depth, while

others will address similar topics in a less developed

structure. Yet, all topics are selected and designed

to provide wider exposure to the students so that

breadth of the discipline is stressed.

The concept of sequence implies that the

activities will be structured by a prescribed design.

Sequence is usually determined by (1) logic--each topic

follows a definite entry and exit; (2) topic--the

concepts are sequenced to provide some Gestalt of the

subject; (3) hierarchy--each topic is subdivided into

specific learning increments, all being arranged in

patterns of known to unknown to be expanded from simple

to complex; (4) developmental stages--the concepts of

developmental psychology, usually Jean Piaget's, are

used; and (6) a combination of the four.

All science programs must be examined to determine

the scope of topics and the order of sequencing. Since

similar topics may not appear in all textbooks, a

committee needs to compose a table of topic categories
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to be used in selecting a program or textbook that best

meets the district's science goals.

Within the concepts of scope and sequence, there

should be an analysis to determine if the science

program is highly structured. A very highly structured

program requires close adherence to the program per se.

Such programs allow little in the way of teacher

initiative. However, a structured program does have

some built-in efficiency--i.e., you know what is

expected and can spend your time implementing the

program rather than creating new activities. Loosely

structured programs, conversely, allow a greater degree

of teacher latitude in the teaching of topics. But

they require great use of time, energy and planning.

Accompanying the above is the concept of program

flexibility. Most programs are built with a K-6 scope

and sequence. Other programs tend to have the option

of being supplemental to the program that the district

has already adopted. In yet other cases, the district

can select various components of the science program

that ultimately reflect an eclectic approach to

science.

Finally, under the concept of scope and sequence

comes a determination a,out the balance of science
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subjects or topics that are presented. Some programs

tend to stress a broad balance between the life and

physical sciences. Others tend to stress the physical

sciences far more than the life sciences. If a program

has a strong life science component, has the district

made the necessary commitments to maintain and deliver

life science materials to you, or must you maintain

your own life science stock? The latter decision is

most crucial to the success of any science program that

has a life science component.

Instructional strategies. A good share of this

report is devoted to science instructional strategies.

However, when evaluating an elementary school science

program, you must consider the types of teaching

strategies that are required. One important

consideration is the relative amount of

individualization that will take place. If a program

requires a great deal of individual student work, then

both you and the students must be taught how to effect

that strategy. Because nearly all modern elementary

science programs require inquiry in the broadest sense,

school district administrative personnel and teachers,

alike, must simply plan to conduct in-service efforts

that address the many techniques that are included
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under the generic term of inquiry. Programs also vary

from those that desire teachers to be very nondirective

to those that are highly prescriptive.

Costs and maintenance. A critial decision area

for many science programs concerns the initial cost of

the program and the yearly replacement costs for

expendable materials. When cost comparisons are made,

there is the tendency to weigh the cost of a comparable

textbook, which can be kept for about six years on an

adoption cycle, against an activity-oriented science

program. Ultimately, the evaluation of the

alternatives must be made on a benefit theory basis

since it will cost the district to teach science, no

matter what the method. Which program will achieve the

intended goals and objectives at the least cost tends

to be the basis on which favorable or unfavorable

decisions are made.

Teacher Reactions. If your school district has

adopted a program or is in the process of field-testing

one, then the "using" teachers should be polled to

determine their perceptions. This type of evaluation

should be designed to measure the interest of the

staff, the use of teacher time in teaching science, and

the extent to which the teachers perceive that the
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program is fulfilling the scientific literacy needs of

the children. Two instruments that could be used in

such an endeavor are illustrated in Figures 10-3 and

10-4.

Figure 10-3. Sample Instrument to Evaluate Science
Programs

Kindly complete the following survey about our
elementary science program.

1. Time survey: Please circle the number of minutes
per week spent in the following areas:
a. Planning time: (^ 4) (5-10) (11-15) (16-20)
b. Setting up

materials: (0-4) (5-10) (11-15) (16-20)
c. Student class

time: (0-30) (31-60) (61-90) (91-120)
d. Other science

activities: (0-4) (5-10) (11-15) (16-20)
e. The total time in minutes per week spent on

science

2. Is the amount of time less than, equal to, or
greater than that spent on mathematics, reading,
and social studies respectively?

3. Did you find it necessary to supplement the science
program with other science materials or activities?
a. In almost all cases c. In a few cases
b. In most cases d. In no case

4. If supplements were used, specify for which units
or lessons:
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5. What is your overall
program?
a. Very positive
b. Positive

reaction to the science

c. Negative
d. Very negatir.,

6. If negative, please list specifics:

7. What unanticipated events have been happening in
your science classroom?

8. In your opinion how do the students in your classes
like the new science program?
a. Like it very much d. Dislike it
b. Like it e. Dislike it very much
c. No opinion

9. What concern or problems have you had with the
program?
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Figure 10-4. Specific Technique Evaluation.

Activity:

Grade Level:

TEACHER EVALUATION

School:

Teacher:

Situation (i.e. at desks, in open room, in field):

Time you allotted for activity in minutes:

1. To what extent did the Field Biology materials
provide a stimulus to expanding your teaching
methods?

a great extent
a moderate extent
very little
none

2. To what extent were some of the science teaching
techniques new to your repertoire of methods?

most were new to me
some were new to me
few were new to me
none was new to me

3. To what extent was the information on the Field
Biology Module adequate to teach the "lesson"
effectively?

very adequate
adequate
inadequate
very inadequate

4. To what extent were local materials available to
teach the Filed Biology Modules?

readily available
generally available
generally not available
not available

410

428



5. How complete was the list of materials as stated on
the Field Biology Module?

very complete
somewhat complete
somewhat incomplete
very incomplete

6. To what extent did the Field Biology Module provide
adequate "hands on" science experiments for
children?

very adequate
adequate
inadequate
very inadequate

7. To what extent was the Field Biology Module
appropriate to your grade level?

very appropriate
appropriate
inappropriate
very inappropriate

8. To what extent was the Field Biology Module "novel"
to you in teaching Field Biology Concepts?

very novel
novel
routine
very routine

9. Compared to other science activities, to what
extent did you feel that your students were
enthused about working the activities in the Field
Biology Module?

very enthused
a little more enthused
about the same
a little less enthused
very unenthused

10. In your opinior, did the content of the Field
Biology Module appear to foster a positive
attitude toward biological science?

yes
no opinion
no
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11. After completion of the Field Biology activity did
you explicitly encourage your students to continue
the investigation of the concepts on their own?

strongly encouraged
encouraged
neither encouraged nor discouraged
discouraged
strongly discouraged

12. In your opinion did the Field Biology Module
stimulate an application of the concept to related
activities, e.g. were you able to "branch out"?

at least two or more activities were
generated
at least one activity was generated
no activities were generated

13. Was the quality of the activities comparable to
those which are commercially available?

duality was much better
quality was a little better
quality was about the same
quality was a little poorer
quality was much poorer

Any additional comments?

From Jack Horne, 1982.
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Using Student Evaluations

In addition to subjective teacher evaluations, you

may use student rating scales during, or when

completing, a game or simulation. For example, you can

ask the participants to respond to the following types

of questions by inserting a check mark where

appropriate:

1. To what extent do you think that participating in
the simulation was an effective learning
experience?

) Very effective.
) Effective.
) Ineffective.
) Very ineffective.

2. How much do you like participating in simulations
as compared to other instructional techniques?

) I like simulations much better.
) I like simulations a little better.
) I like all instructional techniques

equally.
) I like other instructional techniques a

little better than simulations.
) I like other instructional techniques much

better than simulations.

3. To what extent did you conscientiously participate
in the simulation?

) Very conscientiously.
) Somewhat conscientiously.
) Somewhat unconscientiously.
) Very unconscientiously.

These three examples illustrate how the evaluative

question is framed and is then followed by a continuum

of responses. We have not dt.veloped other questions to

ask the participants, but we have provided you with
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several sets of response continua as shown in Figure

10-5. All you have to do is generate the questions as

are illustrated for one specific project in Figure 10-

6.

Figure 10-5. Response Continua for Evaluation of
Simulations

Very adequate
Adequate
Inadequate
Very Inadequate

Strongly agree
Agree with reservations
No opinion
Disagree with reservations
Strongly disagree

Very clear
Somewhat clear
Somewhat unclear
Very unclear

Greatly encouraged
Encouraged
No opinion
Discouraged
Greatly discouraged

Strongly favor
Tend to favor
No opinion
Tend to disfavor
Strongly disfavor

Almost always valid
Usually valid
Usually invalid
Almost always invalid

Very important
Somewhat important
Undecided
Somewhat unimportant
Very unimportant

Almost always supports
Usually supports
Usually unsupportive
Almost always

unsupportive

Very satisfactory
Satisfactory
Undecided
Unsatisfactory
Very unsatisfactory

Very good quality
Good quality
Uncertain
Poor quality
Very poor quality

Modified from Donald C. Orlich. Designing Sensible
Surveys. Pleasantville. N.Y.: Redgrave Publishing
Co., 1978, p. 55. Reprinted with written permission.
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In addition to these forms, observe the next model

of a student evaluation form. This form was used by

teachers to obtain student opinions or reactions to

science materials that were being field tested by

elementary teachers.

By the way, the students were generally very

favorable toward actually conducting or doing science

activities! See Figure 10-6.

Figure 10-6 STUDENT EVALUATION

Activity:

Grade Level:

Your teacher is helpinc with a project to design
science lessons. You can help with the project by
answering a few questions about the lesson you have
just finished. Please remember that the questions are
about the lesson, not about the teacher. Do not put
your name on this paper.

Check each statement to tell us how you agree or
disagree with the statement.

1. I learned something about field sciences that I
didn't know before.

strongly agree
agree
disagree
strongly disagree

2. I like being able to do science activities, rather
than just reading about them.

strongly agree
agree
disagree
strongly disagree
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3. I could easily understand the science lesson.
strongly agree
agree
disagree
strongly disagree

4. I would have liked it better, if the teacher had
just told us about the lesson instead of having us
to do it.

strongly agree
agree
disagree
strongly disagree

5. The lesson was well explained before we started.
strongly agree
agree
disagree
strongly disagree

6. This lesson makes me want to do more of the
activity on my own.

strongly agree
agree
disagree
strongly disagree

7. This kind of science lesson makes me interested in
science.

strongly agree
agree
disagree
strongly disagree

8. I would rather read about science than do a science
activity.

strongly agree
agree
disagree
strongly disagree

9. If you were the teacher and you were going to teach
this science lesson, what changes would you make?

From Jack Horne, 1982.
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By systematically conducting a series of brief

evaluations, you will be collecting the kinds of

evidence that form the basis of an accountability

system. A combination of this type of evaluation

instrument and others previously mentioned will be

adequate for fulfilling the need for accountability.

This can be your opportunity to improve student

performance for those higher categories of Bloom's

Taxonomy.

Quite obviously there are many other evaluation

models that could be illustrated. It is our intent to

show simply that evaluation of science requires

measures somewhat different from the traditional

measures of cognitive abilities. Teachers do have

anxieties about evaluating students in their classes

when they must use "processes." The plevious

discussion might have given you a few pointers from

which to proceed would also suggest that you convene an

ad hoe committee to study the general problem of

science evaluation and that you any your colleagues

prepare sets of materials for your school district that

would be apropos to the science program being used.

After all, the essence of science is involvement. What
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better way to lose a fear of science than by getting

involved in it.

Conclusion

We assert once again that the more you know how to

teach or interact with your students, the more likely

it is that you will discover a teaching style that each

and every one of them will like. Liki and succeeding

in school is a basic principle. As teachers, you owe

it to your students to motivate them in some way to be

successful. As Benjamin S. Bloom so dramatically noted

in his paper on mastery learning (1968), interest is a

function of success. For too many years, we have

operated schools according to the converse of the Bloom

formula--success is a function of interest. In other

words, if you want students to be interested in

learning and in its related activities, then, most

importantly, and number one, students must be

successful in school.

When teaching science, you can generate enthusiasm

among the students in your classes. You can inspire

individuals to discover, to question, and seek. You

can break the monotony of dull classes by using

interactive techniques. You control the learning

environment. Structure this environment so that
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everyone in it will be highly motivated and interested

in learning science. It is the very least you can do

or, perhaps, . . . the very most!
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Appendix A. Outline of Methods Course Content and Laboratory
Time

EL/SE 311 - Teaching Elementary Physical Science

Spring Semester 1987
MWF - 11:10-12:00
W Lab - 11:00-1:00

Dr. Donald C. Orlich
Department of Educational

Administration & Supervision

The purpose of EL/SE 311 is to provide a set of prerequisite
entry skills to prospective elementary teachers so that they will
understand science, enjoy teaching science, become advocates for
science and encourage their pupils to enjoy success in science.

GENERAL OUTLINE

I. Orientation to Science Education
A. Background
B. Trends
C. Processes of Science

II. Objectives of Science Education
A. General Goals
B. Student Learning
C. Performance Objectives

III. Sequencing and Hierarchical Analyses
A. Concepts of Sequencing
B. Taxonomies Applied to Science Instruction
C. Textbook Content Analysis

IV. Lesson Planning
A. General Techniques

Classroom Realities
C. Commonplace Activities

V. Questioning Strategies
A. Research Bases
B. Technique
C. Applications

VI. Inquiry
A. Inductive Techniques
B. Problem Solving
C. Discovery
D. Deductive

VII. Classroom Management
A. Small Group
B. Materials and Resources
C. Safety
D. Handicapped Children

VIII. Evaluation of Science
A. Curriculum Alignment
B. Activity and Performance Methods
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EL/SE 311 - Teaching Elementary Physical Sciences

Spring Semester 1987
MWF - 11:10-12:00
W Lab - 11:00-1:00

Dr. Donald C. Orlich
Department of Educational
Adminie*ration & Supervision

The goal of the laboratory is to apply basic concepts, skills and
processes in a safe environment. The laboratory will emphasize a
"hands-on" or "experiential" approach to science teaching.

GENERAL LABORATORY SCHEDULE

Week Theme

1. Applying the processes of science instruction.

2. Determining science and sequencing objectives.

3. Examining the precursors--SAPA, SCIS, ESS.

4. Incorporating astronomy activities--Part I.

5. Analyzing textbooks for astronomy content.

6. Constructing science learning centers.

7. Incorporating astronomy activities--Part II.

8. Questioning via microteaching.

9. Developing inquiry skills--Part I.

10. Incorporating physics concepts--Part II.

11. Developing inquiry skillsPart II.

12. Analyzing physics content in elementary school science
textbooks.

13. Teaching science to handicapped pupils--SAVI/SELPH.

14. Incorporating physics concepts--Part II.

15. Using activities to evaluate student success.
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