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. _ PREFACE

This s one of 10 units in a program of-Training for Leadership in

Local Educational Improvement Programs. Development 6f the program was

begun at the Learning Research and Development Center at the University of
Pittsburgh and has been carried forward at Research for Better Schools in
Philadelphia. |

I yol. have in hand the Instructor's Guide to the program, or Unit 1

entitled Training Program Introduction and General Study Plan Guide, you

will have sufficient introduction to the nature and purposes of the

training program. If you do not have access to one or both of these items,

' the following paragraphs will introduce you to this unit of the program.

This unit was designed for use by anyone holding a position calling

for leadership in planning and conducting local educational change programs.

.This means school district leaders - central office administrators, building

principals, curriculum specialists, or teachers involved in change project

" teams. Also it means graduate students in curriculum, administration, or

supervision. 1In adaition, curriculum specialists or field personnel of
state education departments or other éducatiéna] agencies may find the unit
of value in their work with school districts - as in the conduct of workshops
involving local school personnel.

Tha unit can be studied on a wholly self-instructional basis, or with

" an instructor's direction. It requires about 6 to 8 hours of study time.

You will recognize the theme of the unit - enquiry (or problem solving) -

as the central purpose of curriculum reform during the past quarter-century.
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INTRODUCTION
_ : &

What is this unit about?

) This ynit deals with enquiry - the central theme of efforts to build
new curricula and instructional procedures during thé past two decades.
Every eddcational leader needs to know about this approach to reforming
curricuium and instruction as a basis for helping school systems respond .
to it. -

The curricuidm in the majhr areas of the elementary and secondary schools
came under sharp attack in the 50's witﬁ the strongest concern initially
being for national security as related to the preparation of mathematicians,
scientists, and engineers. Thé Soviet Union appeared to have passed us in
these areas and the country's survival seemed threatened. The chief crit-
icisms were that the curricula in mathematics and science were out of date,
over-emphasized teaching skills or facts rather than powerful ideas, and
failed to teach students an understanding of the methods of enduiry or
"discovery" used by mathematicians or scientists in gaining new knowledgg
in their fields. Somewhat later, similar criticisms were made ¢f the tradi-
tional curricula in the social studies.

_As a result of these criticisms, and with heavy financial support from

the Federal Government and private foundations, scores of curriculum develop-
ment projects were established. An important feature of nearly all of these
projects has been the inclusion of leading scholars, mathematicians, or
scientists alongside educators as members of the project teams.

On the next page you will find a list of some of the best known curriculum
development projects, ;r the curricula they have produced. The }1ist identifies

only a small fraction of curriculum projects or products that have focused

_on teaching enquiry. How many of those listed are you familiar with?

5
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I _ Enquiry-Focused Curriculum Projects or Curricula

General

Productive Thinking Program {Elementary) - Crutchfield and Covington
Creative Problem-Solving Program ~ Sidney J. Parnes

Science -~ Elementary ;
Concaptually Oriented Program In Elementary Science (COPES)} - Morris #. Shamos
Inguiry Development Program in Physical Sclence (IDP} - J. Richard Suchman
Science - A Process Approach- (SAPA] - John Mayor of AAAS i}
Science Curriculum Improvement Study (SCIS}] - Rohert Karplus

£lementary Science Study (ESS)} -~ Frank Watson, Educational Development Center
Elementary School Science Project (Astronomy) ~ Myron Atkin and Stanley Wyatt

Science - Secondary

Earth Science Curriculum Project (ESCP} ~ American Geological Institute
Introductory Physical Science (IPS) - Educational Development Center
Biological Sciences Curriculum Study (BSCS) - Joseph H. Schwab

Chemical Bond Approach Project (CBA) - Laurence Strong

Physical Science Study Committee Physics (PSSC) - Educationai Services, Inc.
Harvard Project Physics

. Mathematics « Elementary

Greater Cleveland Mathematics Program

The Madison Mathematics Project - Robert Davis

University of I1linois Arithmetic Project - Qavid Page

Nufiield Mathematics Project

University of I11linois Committee on School Mathematics (UICSM) - Max Beberman

Mathematics -~ Secondary .

School Mathematics Study Group (SMSG) - E.G. Begle .
University of Maryland Mathematics Project - Robert Gagne
Secondary School Math Curriculum Improvement Study - Howard Fehr

L

Social Studies - Elementary

Our Working World - Lawrence Senesh
Man: A Course of Study - Jerome Bruner, Educational Development Center
Curriculum Development Project in Social Studies - Hilda Taba

Social Studies - Secondary

Harvard University Social Studies Project - Donald Oliver and James Shaver

High School Geography Program - Association of American Geogruphers

Carnegie-Mellon Unifversity Social Study Curriculum Project ~ Edward Fenton
' Anthropology Curriculum Study Project - American Anthropological Association

6




Unit 5 « 3
This unit offers study of enquiry as a type of educational goal and

examines wayy in which the teaching of enquiry is becoming a key emphasis

in elementary and secondary schools.

"Khat does this unit offer you?

I,

|

What you will learn from this unit obviﬁusly depends on what you
already know about enquiry and enquiry-focused instruction. Also it
depends on.what sorts of knowledge or competencies invO]ving enquiry
you wish to possess. Here are the topics or cdmpetencies coverad in
this unit:

-

1. Befinition and requirements for enquiry-focused instruction

What is enquiry and what are the essential requirements for any
instance of enquiry?

2. A rationale for enquiry-focused instruction

What reasons can be offered for placing an emphasis on teaching

students how to conduct enquiries?

3. The relations between ideas and enquiry
What roles does theory in the form of ideas (concepts and principles)
play in the conduct of enquiries?

4. Models for cnquiry

Outline the steps or stages in conducting an enquiry, placing emphasis
oh a general problem-solving model.

8. Analyzing curricula in terms of enquiry

This part of the unit offers practice in using an enquiry check-
1ist to analyze and evaluate the extent to which a curriculum is

designed to teach or employ enquiry.
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‘. 6. Analyzing instruction in terms of enquiry
This part of the unit calls fur using an enquiry checklist to

analyze and assess the extent to which tnstructional procedures
teach enquiry or foster studenté learning subject matter through
enquiry.

7. Assisting a school district in introducing enquiry-focused

instruction
This section of the unit offers general guidelines fo, assisting

a school system that wishes to increase its emphasis on teaching

enquiry.
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UNIT STUDY PLAN
. Before beginning s}:udy of this unit, you should determine how intensively

'you want or need to study each objective. After a careful diagnosis of your
needs and present attainments, if you judge that study of some of the unit
objectives is unnecessary, you are free to omit them from your study plan.

Below is a gulde for arriving at your study plan, either with nelp from
your instructor (if you have one} or on your own. The guide calls for a
four~step procedure: assess your needs to study the unit objectives, decide

how to study them, assess your mastery of the unit objectives after study of

b B

the unit, and evaluate the unit.

1. Personal assessment of heeds to study the unit. First, turn the

pages of the unit quickly to acquaint yourself with the objectives and the
unit contents. Twenty minutes should be sufficient for skimming the unit for
. this purpose. _
Next, perform the Pre=Assessment Exercise that follows to obtain a
basis for estimating your present level of mastery of the unit objectives.
In doing the Pre=Assessment Exerclse, use it simply as a way of determining

what parts of the unit you need to study. It is not expected that you will

pass ‘the Pre-Assessment Exercise, though you may find that you can answer

some of the questions adequately before studying the unit.
When you have completed the Pre-Assessment Exercise, check your answers
. with the Pre-Assessment Exercise - Answer Key at the end of the unit. Keep
in mind that this exercise is not a test but is for your use in determining

which parts of the unit will require the greatest amounts of your time and

R

concentration,
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. - PRE-ASSESSMENT EXERCISE - UNIT &

Directions: This pre-assessment exercise serves two purposes - it gives you
the opportunity to demonstrate mastery of some unit objectives before )
studying the unit, and it orients you to the unit as preparation for
studying it.

Feel no obligation to answer a question. It is not expected that you will
necessarily be able to answer any of the questions. However, if you can
give a fully adequate answer to a question on this pre-assessment, you have
no need to study that part of the unit to which the question refers.

Probably you will need no more than.one-half hour to complete this exercise.
When you complete it, turn to the Pre/Post Assessment Exercise - Answer Key at
the end of the unit to check your answers. Then turn to the page following
this Pre-Assessment Exercise to continue with your unit study plan.

1. Defire enquiry and indicate its essential components.

2a. Why should schools emphasize teaching all students how to enquire?

10
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2b. Should schools seek to have students acquire knowledge and skills in
a curriculum area mainly through conducting enquiries? Explain your answer.

3. How are ideas (concepts and principles) reiated to enquiry?

4. List key steps or stages in the enquiry process.

11




Unit 5 - 8

5. What features would you look for in a curricu]dm to determine the
. extent to which it teaches enquiry?

6. What features would you look for in the conduct of instruction to
determine the extent to which it teaches enquiry?

7. What should you be prepared to do if called upon to help a school district
set about to improve instruction in enquiry within any curriculum area?

. Note: Te check your answers, turn to the Pre/Post Assessment Exercise - Answer
Key at the end of the unit.

12




o Unit 5 « 9
Having completed the Pre-Assessment Exercise, you (with your insfructor,
. 1f you have one) should check your answers with those given in the Pre/Post
Assessmént Exercise - Answer Key to be found at the end of the unit. Compare

the quality and detail of your answers with those offered in the Answer Key.

Thgre'is no one right answer to any of the questions but rather key points that
“are required for an adequate answer, with these points stated in your own

words. The Answer Key probably contains fuller answers to most of the questions
in the exercise than you can give before studying the unit.

In the following table, you are asked to check the estimates you (and
your instructor} make of your level of mastery of each objective or part-
objective. Check HIGH if yoﬁ jﬁdge your answer to de right on target and in
adequate detail. Check MODERATE if you believe your answer to be good but
Tacking some boints needed for a fully adequate answer. Check LOW if you find
your: answer to be inappropriate or incomplete, or if you diq not answer the
question.

After checkiﬁg your Tevel of mastery of each objective, check at the
right whether the objective-requires merely review, or careful study. It is
not a sound procedure for you to study the Answer Key as a way of learning
answers to items oh the Pre-Assessment Exercise. Instead, you should study
the unit materials since they are meant to prepare you to give an adequate
answer based on an understanding der%@gd from doing the readings and practice

exercises.

13




- w

- - S Unit 5 - 10

. PRESENT
OBJECTIVE ToPIC MASTERY  REVIEW NEED TO
H M L ONLY  STUDY
1. State a definition of enquiry and ‘
". 1ist its essential requirements

2. State a Justification for placing
emphasis on enquiry-focused instruction

3. State the relatioas between ideas
(concepts and principles} and enquiry

4. Outline the steps in a model for con-
ducting enquiry or problem solving

5. Analyze curricula in terms of enquiry,
using an enquiry checklist

6. Analyze instruction in terms of enquiry,
using a list of enquiry features

7. Outline how you would help schools
introduce enquiry-focused instruction

2. Study procedure. In studying the unit, you will gain by doing the

objectives in the order in which they appear since each part of the unit
assumes a level of understanding based on the previous parts. It is a good
idea to at least skim each part of the unit even though you judge that you
already have mas tery of some parts of it. |

You may wish to study all or part of the unit with one or more fellow
students. Also, your instructor may elect to conduct group sessions either
to introduce or review parts of the unit. And, of course, you could study the
unit entirely indgpendehtly.

You pnobabl& will take from 6 to 8 hours to study this unit. When you

is an evaluation form (at the very

complete your- study, you will find the Rost-Assessment Exercise at the end
of the unit. Also included with the um

end}. It will be helpful if you complete and return this form to the address

given as an aid in making any revisions of the unit.
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Objective 1. State a definition of enquiry and list its essential

. . ‘_ requirements.

. What ig enquiry?

Enquiry refers to the processes of thinking and acting involved in seeking
a solution to any sort of problem where the word Pproblem refers to a need,
a difficulty, or a purpose {or wish).

A variant ‘spelling of the term is inguiry. The term problem solving can
be used as a synonym for enquiry. Other terms referring to broad types or ‘-
procesges of enquiry are investigation, research, discovery, and creativity.

N

What are essential requirements for enquiry?

)

The following three are offered as minimal requirements for.any instance of
engquirys ;

1. The enguirer confronts a problem (need, difficulty, or purpose).

2. The enquirer must sélect or devise an approach to solving the problem,
then try that approach. Using reciPes is pot enquiry.

28

3. The enquirer must proceed largely on his own in sgeeking a solution to
the problem., Turning to an authority for the sclution is not enquiry.

. Vhat are examples of enquiry in gchool subjects?

Examples of enquiry in reading and the language arts are these: writing

a précis that digests any sort of written material; preparing a speech;
writing a poem; analyzing any literary work; comparing two literary works;
or analyzing different individuals' reactions to a literary work.

Enquiries in social studies include conducting an opinion poll; deciding
how to vote in an election; analyzing one's own attitudes toward members of
minority groups; or comparing gne's community with some other community in
terms of such faetors a® institutions, rolea, norms, and commnication
patterns.

An enquiry in mathematips might consist of applying one's knowledge to the
solution of a mathematical puzzle, or it might call for figuring out a
nunber of ways of solving the same problem.

Enquiries in science might consist of planning and conducting experiments,
or applying knowledge of scientific principles in designing a solution to
a technological problem.

In the areas of art or music, enquiries would call for studying creat:.ve
products, or for oneself creating some product.

Exercise 1 that follows offers you a check on your understanding of this
objective.

it
en




Unit 5 - 12
EXERCISE 1 -~ WORKSHERT
. "  DBirections: Respond to the questions in fhis exercise for practice and as

a check on your understanding. The Answer Key for this exercise is on
the page that follows.

1. Complete the two sentences below to practice the definitions given on Page
11. :

Enquiry-refers to the processes of

that are involved in .

According to the definition offered, the word problem can refer to .

a s A , Or & .

2, Which of the following instances illustrates enquiry by satisfying the set
of essential requirements offered on Page 117 (Caution: The process of
enquiry does not need to be carried cut completely or successfully to
illustrate enquiry. Also, there are times when one turns to expert
sources of information as part of conducting an enquiry. The critical point
concerns who is doing the thinking, plamning, deciding, ete. Another
point: students can get together to conduct group enqguiries where different
students make different contributions to the group effort.)

. a. A teacher assigns the multiplication pr;Jblem, 1946 X 271. Using his
knowledgz of the multiplication table and of the algorithm involving
carrying, etc., the student obtains the correct answer.

- Check: This illustrates enquiry This does not illustrate enguiry
b. A student helps plan a group project in library research on pollution,
accepts the assignment to prepare a report on pollution of inland lakes,
asks thz librarian for help in locating files of periodicals, then finds
and sunm: rizes a number of articles on his topic. :

Check: This illustrates enquiry This does not illustrate enquiry

¢. A student assists his instructor in carrying out a public opinion poll
by making house calls to £ill out a questionnaire provided by the instructor...

Checks This illustrates enquiry This does not illustrate enquiry

d, A student, assigned the task of conducting an opinion poll, examines
gseveral methods described in a handbook and selects the one he considers
best suited to his purpose, then follows that methoed.

Check: This illustrates enguiry This does not illustrate.enguiry

. Chech your angwers using the Answer Key on the next page.

16
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. EXERCISE 1 - ANSWER KEY
Explanation: Answers to the fill-in questions are given directly on Paéé

11, Answers to parts a-d of Question 2 are given below, with brief
explanations.

Question 2a. Not enquiry., Getting the answer to this "problea" does

not require problem solving in the sense of selecting or
devising a solution. Solving the problem is merely exercise

for the student referred to,

Question 2b. Enquiry, Note that the student carries out planning and

analysis activities in doing his part of the group project.

Question 2¢. Not enquiry. In this example, the student merely uses the

procedures and questionnaire prepared by his instructor,

. Quegtion 2d. Enquiry, Now the gtudent has some genuine problem solving to do
in the process of analyzing a number of polling methods and

choosing one suiting his purposes.

17
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. Objective 2, State a justification for placing emphasis on enqu:.ry-focused
instruction and indicate its limitations.

Reasons for an emphasis on enquiry

Tvwo chief reasons have been gffered as justifications for teaching all

students how to conduct enquiries rather than merely learning what they are

told by textbooks and teachers, or rather than merely learming facts and
skills in the subjects they study. The first reason involves a conception of
aduc-ation as being primarily a matter of becoming competent in interpreting
angd controlling one's experiences. This is the essential position of John
~ Dewey's educational philosopny. In Experience and Education (New York: Collier,

1953) Dewey stated: "The jdeal aim of education is creation of power of self-

control.” (p. 64) In the same volume he proposed utilizing "sciemtific method
) . ag the pattern and ideal of intelligent exploration and exploitation of the
. potentialities inherent in experience.” (p. 86) In other words, Dewey sges
methods of enquiry as the heart of educsation inaasmuch as they give the individual
the power to interpret and control his experiences.

The second reason for a stress on teaching enquiry takes account of the very
rapid and unpredictable. changes in knowledge, in technologies, and in social
forces, Great worl.d-wide problems threaten to overwhelm us: owverpopulation,
the using up of aatural resources, pollution, automation and job obsolescence,
rising ¢rime, and the threat of nuclear war. In this world of constar;t change,

a‘ person mst become capable of meeting ever new demands, of solving a nmltitude
- of problems confronting him. Learning how to conduct enquiries, that is, to
solve problems, thus must become a critical emphasis in the educational program.

An excellent statement about these changing demands on education is an
article by Robert M. Hutching, President of the Center for the Study of

. . Democratic Institutions, entitled "Are We Educating Our Children for the Wrong

Future?” (Saturday Review, September 11, 1965} Hutchins sees two central

‘ , 18
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. purpogses of education - "to educate for an undecipherable futire," and "to
prepare for a world in which work has lost its significance.™ Witn respect
to the first of these purposes, Hutchins Points out that the whole world is

commi tted to the highest possible rate of change and about all We can know

sbout the future is that it will not be likc the present. With respect to the
second purpose, Hutchins calls attention to the impac1; of automation on Jjobs
and notes that the famj:liar relation bei;weén production and Jobs is ceasing to .
exist. Education for being human, for using leisure time well, becomes
increasingly important as the emphasis on education for work declines. The
central point Butchins makes is that a truly educated person "is ready for
anything” because he is Prepared "to meet any new problem he has to face."

Two other reasons can be offered for an emphasis on enquiry-focused
instru‘ction.‘ This al;proach, since it calls for applying knowledge to the
. solution of academic and practical problems, makes knowledge more usable than
if it were acquireld without relation to solving problems. Finally, it is
generally true that students' motivation to learn is increased when they engage
in enquiry yather than learn-ing by methods suca as drill, memorization, or

™

“reading for "understanding.™

Limitations of enquiry-focused instruction
Two cautions should prevent going overboard concerning enquiry-focused
instruction. The first is that learning to enquire is different from learning

by enquiry. Three sound reasons can be given for learning to enguire: gaining

an understanding of how knowledge ig obtained in a given field of enquiry such
as sociology, becoming able to evaluate conclusions drawn by others as the
result of their enquiries, and becoming able to conduct one's own enquiries

. about matters of personal interest or concern. But learning to enquire is

19
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very differant from léarning what one comes to know in a field such as biology
or economics through conducting enquiries. A person could not hope to acquire
through enquiry more tnan a tiny fraction of the knowledge of a field that

h2 could acquire by reading, by being told, or by being shown., A good
discussion of this point can be found in the article, "Discovery or Invention?"
by J. Myron Atkin and Robert Karplus (Seience Teacher, 1962, 29, 45.51),
Invention, they hold, refers to the original introduction of a new concept,
principle, or relationship. Discovery, on the other hand,.they would have
refer t0 "the subsequent recognition of the concept's usefulness," that is,

to identifying instances where the concept (or principle) applies. It is
discovery in this sense that students should be taught to achieve. The most

systematic analysis of discovery learning is Learning by Discoverys A Critical

Appraisal edited by Lee S, Shulman and Evan R, Keislar (Chicagos Rand McNally,
1966).

0f course students are not limited to discovering instances where concepts
or vrinciples they bave been taught can be applied to explaining phenomena.
Students also can “discover” concepts or principles they have not been taught.
An example, where you are called upon to be the discoverer, is the following
problem where your task is to discover the rule and £ill in the next two
numbers in the series:

1 2 5 14 —_ e
In solving this sort of problem, or puzzle, you will notice that you must
examine the problem and the requirements for solving it, develop hunches or
hypotheses ;bout the rule for the secuence, then test each hunch with the
numbers given until you find one rule that fits. Filling in the missing

numbers then applies the rule you have discovered. If you would like to go

20
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. another similar problem, here's one where your task is to find the sum of
the firat 20 odd numbers. The table below gives you the answers for the
firet 4 odd numbers and the basis for discovering the rule thav will make

getting the answers for odd numbers 5-19 unnecessary. Can you find the rule?

g of 0dd Number  Odd Number Sum -
1 1 1 :
2 ) 3 (+1) 5
> 5 (+4) 9
i b 7 {+9) 26
5 ? —?
20 ?

The first limitation to enquiry-focused instruetion just presented is

that learning by enquiry is a very time-consuming and uncertain process and
. ¢cannot be employed successfully in teaching the great bulk of what a person
learns in a subject such as sc¢ience, mathematics, or social atuGies. The
second limitation is that many things need to be learned through drill or
memorization rather than through a procee;a of. analysis or discovery. This
is the case with such things as the basie mumber faets and operations,
vocabulary, sPelling, and the alphabet. Efficiency in learning such basic
tool skills cannot be achieved through enquiry. However, enquiries can
give rise .to needs to learn skills {such as how to use a miernscope) and

- akills, once learned, can be employed in conducting enquiries,

® | 21
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Objective 3, State the relations betwe>n ideas (concepts and principles) |
and enquiry, ‘,

Why ideas are essential for enquiry

Ideas are the critical ingrsdients of thinking and thinking is essential
for enquiry or problem solving.aln conducting enguiries, a person needs to
analyze the problem into components or requirements; needs to have id.eas
(h}!’pothese;s) soncerning solutionss and needs to test these ideas to detrrmine
whether they result in a solution. . '

?& key word is theory that consists of ideas about tire relationships
between or among variables. A variable is any aspect {zomponent, feature) -
of a situation that can vary either by being present sometimes and abaent
sometimes, or by being present to different degrees at different times. We
label variables with concepts or termms such as temperature, pressure, distance,
satisfaction, hunger, ete, Statements about relationships between or among
variables are called hyvotheses if not tested; principles {rules, laws) if
tested and found to be trus.

Exercise 2 offers you a way of chee! ing your familiarity with thesse
terms associated with the relations between ideas and enquiry. If you showed
mastery of this objective on the Pre-Assessment Exercise, you may elect to
skip this exercise.

Following the exercise, beginning on page 21, you will find a description
of one approach to f,eaching students to generate and test ideas in conducting
enquiries, If you wish t¢ read further on using ideas in probiem solving, an

excellent reference is Robert M, Gagn®, The Conditions of Learuing, Chapter 8

{New Yorks Holt, Rinehart and Winston, 1970).
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. EXERCISE 2 ~ WORKSHEET

deas Involved in Enquiry=-Focused Instruction

Directions: To check your knowledge of terms for ide#s: related to enquiry-
foeused instruetion, fi1l in the blanks below with the appropriate words
or numbers, In some cases in Part A, more than-one word is appropriate;
you can write in one, or more than one, word.

Part A

Any component or feature of a situation is

An untested statement of a relationship
between or among features of a situation is

An established relationship between or
among features of a situation is

A general word covering statements on
features and relationships in a situation is

Part B
Assume that a school system has done a study comparing the effects of
. (1) heterogeneous grouping and {2) homogeneous grouping in the elementary

school on (3) self-concepts of low=achieving students. Assume that the
initial expectation was that (4) homogeneous grouping would produce the
more-favorable self concepts, Aasume that (5) it was found that heterogeneous
grouping produced the more-favorable self concepts, In the spaces below,

£ill in the appropriate numbers, 1-5.

‘}ar:i.ables in the situation included in the study were Nos.

. The principle involved in the study was No.

———

The hypothesis involvod in the study was No,
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EXERCISE 2 - ANSWER KEY

Ideas Involved in Enquiry-Focused Instruction

Explanation: The answers offered below are based on the material given on
page 18 of this unit. In Part A, the preferred answer is given first,
followed by other ‘acceptable answers in parenthesis. You may have entered
other answers that are appropriate. e

Part A

Any component or feature of a situation is a variable

An untested statement of 2 relationship
between or among features of a situation is___ an hypothesis

An established relationship between or

emong features of a situation is a principle (rule, law)

A general word covering statements on
features and relationships in 2 situation is theory

Part B

Variables in the situation included in the study were Nos. 1,2,%

The principle involved in the study was No,_ 5

The hypothesis involved in the study was No, &
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The Case of Jim and Lila; or the Great Thinking Mystexry

{This article is from the Carmegie Corporation of New York Quarterly, October
1965; Vo, 13, No. 4, It describes the Productive Thinking Program.)

Richard S, Crutchfield, professor of psychology at the University of
California at Berkeley, locks and acts like anything but a revolutionary, but
he is one, éducaticnally speaking., He holds the tfollowing uncommon beliefs:
first, that it is possible to teach children to think creatively and to bring
their general intellectual skills to bear on solving problems; second, that it
is posgsible to do this directly rather than in the ;ndirect, not to say sideways
or backward, manner in which educators have traditionally approached the matter
when they have approached it at all; and third, that an effective medium for
doing so is the very one that seems on the face of it to be antithetical to the
stimlation of creativity: programed instruction.

And he is well on the way to proving his points.

“The schools give virtually no direct and systematic training in thinking
as such,” Crutchfield remarked recently. "The only nod they make in this
direction is to teach & little logic--and of course logic is an ineffectual way
of teaching youngsters to think creatively, to be inventive, to generate ideas,
to form hypotheses, to be alert to cues and clues."

Crutchfield is anything but antilogicalj in fact, it was logic which led him
to the idea of putting the horse before the cart so far as the transferability of
general thinking skills goes. PFrom the beginning of time, most educators have
done the reverse, The idea has been, despite the paucity of evidence to support
it, that there is & transfer of skills from one kind of intellectual activity to
another and also to general thinking. Thus, we have all heard a hundred times
that "mathematics teaches you to think," Although Crutehfield and hkis colleague

Covington believe that recent curricular reforms in math and other subjects do
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. have the effect of stimilating real thinking, they believe that in genera.l
the transfer of skills from one discipline to another has been haphazard at
best. Anyway, why try to 80 from the particular to the gen:ral? Instead of
trusting a youngster to transfer the way he has learned to tackle a problem in
algebra from thif to other subjects, why not teach him & variety of ways to
attack problems and hope that he will apply them to ali pa::ts of the curriculum?

The approach Crutchfield, Covington, amd members of their group have taken

is to develop a set of self=-instructional materials to be used by fifth and

sixth graders. The gequence now consists of sirteen booklets, each pregenting

a problem on which the child works. The problems are cast in a continucus -
story form, presented partly in cartoon strips. The research is supported by a
Carncgie grant, and probably represents the Corporation®s first venture into

. the comic book line.

. ‘ The protagonists of the series are Jim and Lila Cannon, a brother and
sister who are living for a year with their Uncle John, a high school science
teacher who moonlights as a detective. Jim and Lila embark on solving some
mysteries on their own: the puzzling disappearance of li:oney from a river i:o;t,
some strange goings-on in & mansion that is said to be haunted. Under their
Uncle John's benevalent but shrewd tutelage, Jim and Lila are led to generate
many ideas about what "could" have happened in a given case, to check these
possibilities against'the known facts, to form new hypotheses as new facts are
learned, to ask relevant Quesyions, to be gengitive to odd or discrepant
happenings, to reformulate the problem when they are stuck s0 that they can see
it in a different way and thus generate evei: more new ideas. In each case, Jim
and Ljla finally come up with the solution, though not without experiencing the

. anxiety and frustration that attend all efforts t¢ think creatively.
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Each mystery forms a complete lesson in & booklet, and each child works
on it at his own pace~~one of the great advantages of self-instructional
materials. At appropriate places there is a chance for each reader to put down
some of his own ideas after seeing Jim and Lila in action: "How would you
state the problem?" or "Can you think of :some other things that could have
happened?" On the next page, the child ‘gets some immediate feedback, angther
advantage of programed instiuction, except that instead of there being only
one correct response, .as is true of orthodox programing, there are seversl
suitable examples, with the implication that there could be even more.

To date, the materials have been used with more than 250_sch001 children
in the San Francisco Bay Areaj there were also control groups of similar size,
matched for age, sex, intelligence, and performance on Some pretests for
measuring creative thinking proficiency. Tollowing the end of the training
period {which at the rate of approximately thirty minutes per booklet amounted
to only about eight hours in all), both groups were given a long battery of
posttests to measure changes in their proficiency at creative thinking.

When psychologists find an obvious relationship between one thing and
another they call it a "significant correlation," and that is fairiy strong
language for them. In this case, they can stick to their terminology and we °
will use our own, which is simply to say that the results are remarkable.

On various problem-solving tests--some with Problems similar to those used
in the training booklets and others quite different in Yorm and content--the
trained children were able to generate about twice as many acceptable ideas as
the controls; the rated guality of their ideas surpassed that of the controls
by an even greater margin; they were more sensitive in noticing_both significant
clues and factual discrepancies; and above all, they achieved more actual sol~

utions to the problems by margins ranging vp to three to one,

27




Unit 5 - 2%

. Just as important, since ’we have been speaking of "tranafer®™ and
"generalizing,” the trained children showed similar superiority in tests that
were totally unlike anything included in their lessons. When asked to think of -
as many unusual usges for a tin can as they were able to, for example, the
trained children outperformed the controls markedly both on sheer volume of
ideas and on the originality of them, and they did similarly well when asked to
think of as many ways as possible to make a toy dop more fun t¢ play with.

It should be atressed that the two groups were carefully matched, and that
although there is a substantial correlation betgeen intelligence and performance
on such probi-m tests, children of }oqgr IQ's who have been trained will now
surpass untrained children of higher IQ's. PFor example, the training program
anabled 2 child with an IQ of 92 10 surpass a control with an IQ of 123.

. Furthermore, when tested on new problems six months later, the trained children

continued to surpass the controls by approximately a two-to-one margin.

{The article continues. However, the gist of it for the purposes of this
unit is contained in the excerpt offered you. An important point the authors
of the program make in the conclusion of this article is that the eight hours of

study of the bocklets probably did not teach new thinking skills as much as

they senaitized students to use skills they already possessed.)
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Objective ¥, Outline the steps or stages in & model for conducting enquiry
. or problem solving, )

Introduetion
Many modela for the conduct of enquiry or problem solving have heen
presented. Some are meant to be general, applying to the process of solving
any sort of problem. Some are designed for solving certain types of problems,

such a5 testing a soientific hypothesia with an experiment using & control
group.

A famous general model is that offered by John Dewey in How We Tyink
(Bogton: Heath, 19105.. His model, in four stages or steps, calls for the
presentation of the problem, defining the problem, formulating hypothesea
related to a aolution, {then verifying the hypotheses until one achieves the .
required aolution.

The model presented in thia unit is a general one and conaista of eight

. ateps or atagea, It is built on the definition of enquiry presented above
on page 8, The following paragraphs introduce the model. -

Problem solving is the process of conducting any activitiea (including
thinking) that are directed  toward accomplishing a purpose (meeting 8 need,
aatisfying a wish, or resolving a difficulty) provided that the problem solver
does not already know how to arrive at a solution and must either identify
{choose) or create s procedure for reaching a solution.

Many instances of ao-called Problem aolving do not fit under the definition
since they do not require any choosing, planning, or creatings rather, they
call merely for applying a procedure {formula, recipe) one already knows. For
example, the answer to the queation "What is 11 timea 12?" may immediately come
10 mind because One has memorized it; Or one can get the anawer by using the

. familiar multiplication algorithm to figure it out; or one can ook up the
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answer in a printed multiplication table; or one can ask snother person for
the-anaweru None of these procedures requires true pProblem soliving.

You might illustrate problem solving by inventing a new method of getting
the product of 11 times 12. Suppose you used your knowledge of addition and
simple multiplication. You might proceed this way: 11 is made up of three
3sandone 23 3X12is 30 and 2X12is24; 21 X12is 36 + 36 + 36 + 24 =
132. But, if you had been taught this method of getting a product, you would
not be problem solving since you wouldn't have Y0 choose or create a procedure
for getting the answer. l L,

There iq no official set of components or stages in th;: problem—-solving
process. However, the list of eight components given here is offered 2s one
that covers the process of solving any sort of problem quite well. Study
the list, the functions of each component, and the illustr;tion given so that
you will be prepared to perform Exercise 3 that requires you to illustrate each

component of the model in solving a problem assigned you.
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A General Problem-Solving Model

. In the model presented below, each step or stage is given a title, then

is amplified in terms of its functions and an illustration of those functions.

COMPONENT

1. Identifying a problem

Functions:

I1lustration:

Realizing a need, recognizing a difficulty, or
having a wish or purpose.

A school administrator holding a masters degree
decides that he wishes to obtain a doctorate in
education.

2. Analyzing the problem

Functions::

ITlustration:

Specifying the criteria a solution needs to meet
and specifying the requirements for satisfying
those criteria. b

The doctoral program entered must be in a “prestige”
university, it must not require full-time attendance,
and it wmest not require getting another job and
moving the family. Meeting these criteria calis

for gaining admission to a doctoral program at one
of the "name" universities within about 150 miles
from home, and being able to attend classes mainly
evenings, weekends, and during summer vacation.

3. Searching for a soiution

Functions:

ITlustration:

Identifying, analyzing, and evaluating aiternative
potential soiutions; or creating one or more
potential solutions.

A search for doctoral programs meeting the above
requirements is made through study of catalogs,
telephone interviews with university officials and
professors, and inquiries of friends who have

advanced degrees from nearby universities. Information
is obtained about a doctoral program offered by an
"open university" 500 miles away that requires only
summer attendance pius an approved dissertation

advisor near home. The alternatives identified are
analyzed and evaluated. For the alternatives judged
most desirable, information is sought on the 1ikelihood

.of being admitted.
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7. Evaluating the-solution

Functions: Determining whether the problem has been resolved.
: If {t has not been fully resolved, to what extent
has the solution been successfi'1? Also, can the
failure to resolve the problem be blamed on incomplete
implementation of the solution chosen?

Tllustration: Judging the success of the doctoral program can be
- done on a piece-~by-piece basis to assess progress
- toward the goal of obtaining a doctorate. Are the
courses taken contributing toward the final goal?
(Such periodic evaluations could provide the basis .
for shifting to another university if the program were
found unsatisfactory.} Obviously, the ultimate
- evaluation of the program would occur at the end: Was
a doctorate granted?  Did having the doctorate result
in job improvements and advancement in the educational
profession? .

8. Deciding on a post-tryout course of action

Functions: In case the solution was successful, deciding whether
to terminate action, continue the solution in force, or
seek to spread its use. In case the solution was
unsuccessful, deciding whether to give up the effort,
or try to improve the implementation of the solutinn,
or re-cycle to identify and choose another solution.

Mlustration: In the event the doctoral program is judged to be .
progressing satisfactorily, it will simply be

continued. If it is completed and terminates in a

doctorate, that will obviously terminate the problem~

solving process. In case progress is not satisfactory,

or the student leaves the program, or a doctorate is not
granted, it may be necessary to improve the implemen~

tation of the solution chosenr or to seek another solution.
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EXERCISE 3 ~ WORKSHEET . 3

Preparing and Giving a Talk

Directions: In this exercise, you are given the problem you are to plan to
solve. Fill in these worksheets with the specific things you would do under
each of steps 2¢8. When you complete filiing out your worksheets, check
your work by referring to the answer key that follows. Remember, the
material given on the answer key is meant to help you understand the problem-
solving process. There are no right or wrong answers except that some
answers can fail to show understanding of the steps involved.

1. Identifying the problem i
You are to give a talk to the elementary principals of a school
district introducing them to the purposes and make-up of the British
open~classroom plan. "

-

2. Analyzing the problem

3. Searching for a solution
CUE: Think of different ways you could organize and conduct your talk.

4. Choosing a solution

CUE: This calls for deciding among alternative ways of putting your
talk together.
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. 5. Preparing to try the solution
. CUE: If trying the solution is giving the talk, what Prepares you
for this? .

6. Trying the solution

7. Evaluating the solution

L —— TNy

8. Deciding on a poste~tryout course of action .
CUE: If your talk didn‘t go over well, what to do about 1t?
Or, if the talk evoked marked interest in the Program, what
could you do next?

. Reminder: When you complete this exercise, check your work against the ANSWER
" KEY, -
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EXERCISE 3-~ ANSWER KEY
Preparing and Giving a Talk

Identifying the problem
The answer is given on the worksheet for the exercise.

Analyzing the problem

What should be the purpose of my talk: to give the principals a basis for
deciding whether to adopt the open classroom, to induce them to adopt it,
or merely to let them know the program exists?

What backgrounds have the principals that will tell me how to set the talk?
Should I assume they have heard about open education? Should I assume they
will need to be convinced that such programs as the open classroom are
worthwhile?

Searching for a solution.

I could merely present a description of the program.

I could tell them what the program could offer a school.

I could tell them what is required to implement the pirogram.

I could tell them what results the program has achieved in different settings.

I could use A/V materials such as transparencies shown by an overhead projector.
I could use filmstrips to offer a visual presentation of the program.

Choosing a solution

This-step calls for deciding which of the alternatives considered under 3
above are to be adopted. Thus, you might decide to describ2 the program,
tell what it can offer, tell what results it has achieved, and present these
points with the visual support offered by transparencies.

Preparing to try the solution

This calls for outiining the talk or writing it out, then for rehearsing it
etther by yourself or trying it on a friend. The point is to get ready to
deliver the talk.

Trying the solution

This step is accomplished by giving the talk.

Evaluating the solution

This step calls for judging how successful your talk was on the basis of
spontaneous reactions from the audience (questions asked, clapping, com-
pliments at the end of the talk, etc.), on the basis of reactions requested
(as from a questionnaire you asked the audience to fill out), or on the
basis of later evidence such as expressions of the desire to adopt the plan.

Deciding on a host-tryout course of action

Your course of action should depend on what @#appened re Step 7. Is a
follow-up needed, or should you rest on your oars and wait for further
responses?
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Other models of enquiry

The general problem-solving model you have just gtudied gives you a
set of steps that apply to any sort of academic or practical problem. Below,
qu comparison purposes, are several other models having a good deal in common
with the model presented above, though the pumber and wording of steps vary
¢onsiderably.

Many people believe that the most basic method of enquiry is *the
scientific method," Secientists, however, generally reject this term, insisting
that there is no one sc¢ientific method but rather a large number of methods

involving enquiry processes oceurrinz in different combinations and sequences,

o
S e

The approach used in Science ~ A Process Approach {SAPA), an elementary
science curriculum developed by the American Association for the Advancement
of Science, illustrates this foous on enquiry processes rather than just one
problem-solving model, These processes are taught: observing, c¢lassifying,
using numbera, measuring, using space/time relationships, communicating,
predicting, inferring, defining operationally, formulating hypotheses,
interpreting data, centrolling variables, and experimenting.

prutchfield and Covington, whose Productive Thinking Program was described
under Objective 3 of.this unit, list the following "broad strategies of
productive problem solving":

Formulating and clarifying the essentials of the problem

Laying ou” and following an orderly plan of attack on the problem

Maximizing the number and variety of ideas, including unusual ones

Systematically exploring for ideas by first listing main ideas and then
searching for the particular ideas vhich stem from each of them

Ke¢ping an open mind by refraining from jumping to conclusions about the
correctness of ideas until sufficient data are available to test them

Attending to facts and seeking new facts as needed to evaluate hypotheses
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Trying to look at the problem in a new and different way when blocked

at a “dead-end." )

A valuable sourcebook on enquiry models is Models of Teaching by Bruce
Joyce and Marsha Weil (Englewood Cliffs, New Jersey: Prentice-Hall, 1972),
Chapter 4 of that work describes a model for enquiry in the social studies
developed by Massialas and CoX. Chapter 7 describes the approach to teaching
inductive thinking developed by Hilda Taba., Chapter 8 presents the "inquiry
training model® developéd by J, Richard Svchman. Chapter 9 presents the
model of enquiry employed in the Biological Sciences Curriculum Study that
produced an enquiry-focused secondary biovlogy curriculum.

The following analysis of enquiry in the social sciences by Gfannia

illustrates dramatically how different "levels of thinking" in the process of

enquiry can occur in different orders.
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. ~ The Process of Inquiry in the Social Sciences

Joseph C. Grannis

(from the Social Studies Curriculum Guide of the
Franklin and Estabrook Schools in Lexington,
Massachusetts.)}

The .curriculum stems in part from our ideas about the process of
nquiry in the social sciences. One way of interpreting this is in terms
of various levels of thinking that are involved in the social sciences.
We can specify six levels of thinking as follows:

a. Principles of validity and reliability, or theory of knowledge.
b. Basic substantive assumptions and questions.

c. Concepts.

d. Generalizations and hypotheses.

e. Specific inferences and predictions.

f. Facts and data.
. In order to 1llustrate the application of these different levels, let
us analyze the following description of thinking in a fifth grade class,
where the pupils were studying the geography of the North Central States.

We hit upon the happy idea of presenting this chunk. of geography not

as a—sét of knowns, but as a set of unknowns. One class was presented
blank maps, containing only tracings of the rivers and lakes of the
area as well as the natural resources. They were asked as a first
exercise to indicate where the principal cities would be located, where
the railroads, and where the main highways. Books and maps were not
permiited and "looking up the facts" was cast in a sinful light. Upon
completing this exercise, a class discussion was begun in which the
children attempted to justify why the major city would be here, a

large city there, a railroad on this line, etc.

The discussion was a hot one. After an hour, and much pleading,
permission was given to consuit the rolled up wall map. I will never
forget one young student, as he pointed his finger at the foot of Lake
Michigan, shouting, "Yipie, Chicago is at the end of the pointing-down
lake.” Ard another replying, "Well, OK: but Chicago's no good for

the rivers and it should be here where there is a big city %St. Louis)."
These children were thinking, and learning was an instrument for
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checking and improving the process. To at least a half dozen children

in the class it is not a matter of indifference that no big city is

to be found at the junction of Lake Huron, Lake Michigan, and Lake

Ontario. They were slightly shaken up transportation theorists when

the facts were in.* .
The context of this inquiry was the geography of the North Central

States. The children were reacting to the data (f} of the blank maps with

hypotheses {d] about the relationships between cities, rivers, and so forth.

They got these hypotheses by combining their concepts {c) to yield implicit

generalizations that seemed to be appropriate for this occasion. (This is

a crucial point. He do not ordinarily carry finished sentences in our heads

but rather, we construct them s they are needed. Although it is often

claimed that we "remember" generalizations better than facts, this is not

quite accurate. The rolling stock of our thinking is more 1ikely to be a

network of concepts, together with a carefully nurtured capacity for con-

verting these into generalizations as the occasion demands.} The children

tested their hypotheses by making predictions (e) about where cities etec.

vwere to be found in the North Central States. When the wall map was consulted,

i.e., when "tue facts were in" (f), the children confirmed or rejected their

predictions and hypotheses according to principles which they had developed

for deciding in what ways a proposition was to be considered true (a).

Finally, there was an assumption (b) that "tramsportation theory" was a

legitimate way of approaching the context, instead of, say, historical

accidents or some other approach. Of course, the inquiry need not stop

here. The children probably went on to consider other hypotheses that

might help to account for the predictions that went wrong (or right), and

thus the process continues.

There are several general points that we ought to make about this.
(1) A11 six levels are implicitly involved in social studies thinking at
any time, although our thoughts may be focused explicitly on one or more
levels at a given moment. %2) The emphasis of our thinking moves between
the various levels, so that at one time a person might be concentrating
explicitly on “the facts," at another time on various hypotheses, etc.
There is no set order of proceeding from one level to the next. Sometimes
we move from a more theoretical to a more factual emphasis, at other times
we move in the opposite direction. (3) It is not necessary for one to
label his thinking at each level as it occurs, i.e., to call every prediction
"a prediction,” every generalization “a generalization," and so forth.
Intuitive thinking is often more fruitful, and more enjoyable, at certin
stages of inquiry; furthermorc, we do not yet know how early in his develop-
ment a child can actually be aware of different levels in his thinking.

" On the other hand, one should eventually develop a capacity for specifying

the process of his thought, in order to gain greater control over it.

* Jerome S. Bruner, Learning and Thinking. Haryird £ducational Review.-
Vol. 29, #3, Summer 1959, pp. 134-192.
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. Objective 5. Analyze and assess provisions for enquiry in written
descriptions of curricula, using an enquiry checklist. v

An important competency needed by school leaders who ai'e responsible for
cur;iculum improvement is that of analyzing and assessing different curricula
in terms of how, and to what degree, they are designed to teach enguiry. !
In examining a curriculvm for features involving teaching students
enquiry, you should seek answers to the follow:}.ng questiona that are included
in the checklist used in this unit to assess curricula in terms of enquiry.

1, What emphasis does the curriculum place on teaching students ideas
rather than facts?

An engunirer deals inainly with ideas. Facts are important only as
evidence related to ideas (principlesy conclusions, comparisons,
interpmtationa’ et‘co)o ’

2., What emphasis does the curriculum place on teaching students the methods
. of enquiry used by scholars or scientistas in the subject area?

An important way to gain an understandiné of a subject is to learn how
new knowledge of that subject is gainad by specialists in studying it. -

3. What emphasis does the curriculum place on teaching students to make
hypotheses about phenomena?

A critical step in problem solving js that of selecting or creating one
or more hypotheses (or approaches) that could provide a solution.

4, What emphasis does the curriculum place on teaching students to test
their hypotheses (or vlans)}?

Once hypotheses have been stated, or plans made, the next step in
problem solving is that of tryout through examining evidence, through
conducting investigation, or through implementing a plan of action.

5. What e@pi’l_aa:}.s does the curriculun place on students' discovery of
principles o rules?

One important feature of "discovery" teaching is having students seek
the principle or rule applying to a set of data (as in the case of
the math sequence beginning 2 - § - 14),

- 6. What emphasis does the curriculum place on havin, students conduct
. individual or group enquiry (problem=-solving) projects?

The project nethod obviousaly is a key approash to teaching enquiry.
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- . J¥deally, you would have the full curriculum in front of you when you
examine it for enquiry. Since this is not practical as you study thia unit,
you are given hrief descriptions of curricula to offer you practice in
analyzing curricula in terms of their provisions for enquiry.

- Exercise 4 presents you with descriptions of two curricula in elementary
social studies. These curricula have been selected to offer & sharp contrast
between the "traditional®™ approach to teaching social studies and the newer
approach emphasizing enquiry. You will have no trouble identifying which is
vhich, Since the relatively traditional curriculum is 15 years old and doubt-
less has been removed from its publisher's inventory, its name has been disguised
and its publisher is m;t mentioned.

Your task in Exercise & is to study the two descriptions and to £ill out

the Worksheet for each. Exercise #A and its Worksheet are for The States of Qur

. Tnion textbook. Exercise UB is for the Social Science Laboratory Units. In
293es83ing a curriculum for enquiry, do not expect it to emphasize all six of the
features of enquiry instruction listed on the preceding page.

When you complete the two parts of Exercise 4, you will find the Answer Keys

© "immediately following the materials for that exercise,

After you check your work on Exercise ¥, you should ¢ontinue by doing
Exercise 5 that calls upon you to examine one of the three additional curricula
for which descriptions are presented following the Answer Keys to Exercise &4,

In Exercis2 5, you choose that one of the three curricula you prefer, £ill in its
name at the top of the Exercise 5 - Worksheet, and complete the Worksheet
following study of the description of the ¢urriculum you chose. The three
curricula are in elementary science, secondary science, and elementary math,

Answer Keys for each of the three curricula follow the descriptions,
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Exercise ¥A Curricuylum Description

THE STATES OF OUR UNION e
The States in Our Union is & social studies textbook and Teacher's Guide
for use in the middle grades of the elementary school.
Aims
1. To help middle-graders learn first sbout the state most important to them -
their own; about the region in which it is loca‘bed° and about other regions
of the nation.

-2. To help students get acquainted with the rights and responsibilities of
¢itizens in their state.

3. To help youngsters grow into good citizens.
Contents

The textbook is divided into the following major sections: In “four State;

"in the ‘Northeast; In the North Centra. States; In the South; In the Weat;

In Alaska and Hawaii. The first unit contains material on learning to read and
use maps. There is material on the use of reference skills through "Learning
to Find and Use Interesting Facts.” Each of the sections focuses on one or more
bagic human activities such as comparing and contrasting people and their
activiti‘es in gifferent Places, making judgments and drawing conclusions about
providing recreation, transportation, purposes of education, and conservation in
the state. Other topics developed are organizing and governing, ¢reating new
tools and techniques through education and industry, and producing and consuming

goods and services.

Goals and Teaching Strategies

The authors of the text stress the following goals that form common threads
in many of the units:

1. Knowing and observing rules

2. Using knowledge of the past to understand the present better and to
anticipate the future better
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3. Appreciating the contributions of others

Y4, Showing respect for the flag and appreciating ome's heritasé from
the past

5. Accepting the democratic ideals and accepting the responsibility for
perpetuating them

The teaching strategy for this textbook-based course is exposition by the
teacher coupled with readiing of the text. Exercises at the end of each chapter
require the student to learn factual information rather than concepts, Questiona
in the exercis,:_és demand a recall of facts and definitions of new terms introduced
in the chapféf'. Some exercises are in the form of matching beginnings and end-
ings of sentences. The Teacher's Guide provides other kinds of activities in
the form of “projects" such as keeping a scrcpbook, reading biographical and
other reference material related to units, and mapping.

An example will show how topics are presented. The book devotes eight
. pages to a unit, "Southern Cities." The text presents each city in u descriptive

manner:

Baltimore, which is almost as old as New Orleans, was started by a zroup

of tobacso planters. Each of these planters had been shipping his tobacco
from his own dock,

The narrative explains that shipping from a central point would be easier,
80 a community was set up at the mouth of one of the rivers that flow into
'Chesapeake Bay., The text then devotes four paragraphs to the setting of Baltiu
more. Two of these paragraphs describe pictures illustrating the text. The
text is highlighted in bold type by "Find Baltimore on your map, Why do you
think settlers established a town in this location?" At first this question

appears 10 be enquiry-oriented; but in fact the student already has been given

the ansWer in the text.
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The student exercises at the end of the chapter are titled "Organizing
and Using What You Have Learned." Ome sgctioh of these exercises is ™Using a
Waterways Map” in which the student answers such questions as: "1, Name five
ocesn ports. 2, Name five river ports...." Another exercise, "Describing
Which is Which," calls for an explanation of meanings of 12 vocabulary terms
intmduceg in the chapter. The student is then to determine, "Which give a
picture of the 01d South? l;ihich give a picture of the South today?™ Still
another section, "Matching Beginnings and Endings® provides the following
instructions to the student, “"Read the groups of words listed below., Then
match each beginning with the right ending.” There are eleven sentences in
this exersise.

The Teacher's Guide section of the bock instructs the teacher to call
attention to the picture of the clipper ship 235 a form of motivation to intro-
duce the chapter., It continues with: "Then say to the students, 'Do you
think this was a river boat or an ocean-going vessel? Read to find out mora

about why this seaport (Baltimore) grew into a large city and-why it is important

tO’day.' "

YOU WILL FIND THE EXERCISE YA - WORKSHEET ON THE NEXT PAGE
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. , . EXERCISE 44 ~ WORKSHEET

Assessing a Curriculum Description for Enquiry

Directions: After studying the description of the curriculum involved, fill in
your ratings below and write.doun your reasons for making them. Check your
answers against those offered in the Answer Key for Exercise 4A.

CURRICULUM AREA: Social Studies GRADE LEVEL: Middle Elementary
NAME OF CURRICULUM: The Statzs of the Union

1. Emphasis on teaching ideas rather than facts? H M L None ?

Basis for yvour rating:

2. Emphasis on teaching methods of enquiry used H M L None ?

by scientists or scholars in the subject area?
Basis for your rating:

3. Emphasis on students making hypotheses? H M L None ?
Basis for your rating:

4. Emphasis on students testing hypotheses by H M L None ?
examining evidence or investigating? -
Basis_for your ratihg:

" 5. Emphasis on student discovery of principles H ¥ L___ None ?
or rules?
Basis for your rating:

6. Emphasis on students conducting individual or  H_ M L  None ?

group enquiry (problem-solving) projects?

. Basis for your rating:
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EXERCISE 4A - ANSWER KEY

Assessing a Curriculum Description for Enquiry

Explanation: The answers given below are not meant to be the only correct -
ones, since they reflect the judgments of the author of this unit. They
should be helpful to you in checking your answers.

CURRICULUM AREA: Social Studies GRADE LEVEL: Middle Elementary
NAME OF.CURRICULUM: The States of the Union

1. Emphasis on teaching ideas rather than facts? Hoom LY None___ 7__
Basis for your rating: :

Stress is placed on learning factual information.

2. Emphasis on teaching methods of enquiry used H ML None_!i_?____
by scientists or scholars in the subject area?
Basis for your rating:

No mention of this aim.

. Emphasis on students making hypotheses? H ML Nonel T
Basis for your rating:

L )

No mention of this aim.

4. Emphasis on students testing hypotheses by H M L Nonq;fi 7
examining evidence or investigating?
Basis for your rating:

This aim is not mentioned.

5. Emphasis on student discovery of principles H ML Nonaj{i ?
or rules?
Basis for ywur rating:

Principles, such as related to the location of cities, are told
the student.

6. Emphasis on students conducting individual or H M L'V/ None_ 7
group enquiry (prob}em-solvinq? projects?
Basis for your rating:

Projects mentioned are not true enquiry activities; e.g., keeping a
scrapbnok, mapping. 47
{
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. Exercise 4B Curriculum Description:
SOCIAL SCIENCE LABORATORY UNITS

The Social Science Laboratory Units, a,brogram for Grades 4, 5, and 6,
were developed by Ronald Lippitt, Robert Fox, and Lucille Schaible of the
University of Michigan as a cooperative research project with Science Research

Assoctates {SRA} in Chicago.

PURPOSES: The two main aims of this program arve:
1.. to help students develop the intellectual tools associated with the
role’of a social scientist in his investigation 1nto the causes and
effects of human behavior

2. to develop skills of value inquiry, allowing the students to understand
why ‘they hold their values and why others hold different values

The implication recurs throughout the materials that students can
develop a positive attitude toward inquiry as a method for recognizing and
. solving human behavior prob}ems. There is a great deal of emphasis throughout
these units on the necessity of learning how to receive and respond to

information about behavior of people.

CONTENT: The ctirriculum conststs 6f seven units, as follows: Learning to
Use Social Science, Discovering Differences, Friendly and Unfriendly Behavior,
Being and Becoming, Individuals and Groups, Deciding and Doing, and Influencing
Each Other. The content is drawn from social psychology. The classroom is

- the laboratory. Pupils observe samples of human behavior - a friendly act, a
misunderstanding , perhaps a fight. They search for reasons why. They
discuss their feelings. They explore their values. Children take turns
playing different roles as one way of learning about others' feelings.

The first unit, Learning to Use Social Science, sets the stage for

the later units. This unit is a prerequisite because it presents the
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. methodology. Here children become acquainted with the social scientist,
his work, and his methods. What does the soc}al scientist study? The
behavior or people. How? By observing people and asking them questions.
Because he is a scientist, he constantly strives to be objective about
what he has observed. He tries to establish the causes and effects of
certain behavioral interactions. He conducts experiments to test his
theories. He makes predictions based on the information he has collected.
Pupils will follow much the same procedures in their inyestigations. They
will learn how to approach the study of behavior as scientists would.

Instruments for data collection are provided in Project Books. Pupils

use interviews, questionnaires, and observation guides to gather infor-

mation. Later, they tabulate and analyze the data collected. What did
they discover? They attempt to make generalizations. Thus they might
. discover that frustration leads to aggression, that is, when a person is

constantly blocked he tends to act in unfriendly ways.

GOALS AND TEACHING STRATEGIES: The elementary school child is introduced

to the social sciences:

1. to give him some understanding of behavior that has been discovered
through the use of social science methods

2. to help him relate these understandings to the world in which he
lives

3. to lTearn the scientific methodology of studying human phenomena
as applied to human interaction

4. to translate and interpret raw data from observation

5. to extrapolate knowledge gained from one situation toward application
in other situations at an elementary level
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. A large part of the program is geared to study of differences in
cultural, age, ethnic, and sexual factors as being causal in differing
behavior. The knowledge qbout human behavior is structured only after
students have engaged in numerous observations within their classrooms.
Even then, the structure is quite loose. Very little exposition is used.
Many class and group discussions are proposed in the course. Question-
asking is done by teacher and by students. Role-playlng and group dis-
cussions are the chief types of student-student interaction.

In the classroom, pupils are first given a sample of behavior to
ocbserve. The sample could be an episode on a record; a skit that is
role~played in class; a story to read in the Resource Book., The behavior
specimen could be a friendly act, a fight, or a conflict of some kind.

A1l are designed to trigger their curiosity.

. The teacher initiates a discussion about the behavior by asking,
"What actually happened? Why do you think so?" She urges children to
describe the event and make inferences about the causes. "Hi1l it happen
again that way? Why?" The teacher asks children to make a vaiue judgment
about the behavior, "Was it a good thing for those people to behave that

N way? How would you chaﬁge the story to make the ending different?”

With the teacher's help children learn to phrase their questions into

those that can be answered by scientific investigation. For example the
" question, "How come Bud always acts so mean?" eventually becomes the broad

inquiry, "Hhat causes unfriendly behavior?” HNow, data can be coilected.
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EXERCISE 4B - WORKSHEET
. . Assessing a Curriculum Description for Enquiry

Directions: After studying the description of the curriculum involved, i1l in
your ratings below and write down your reasons for making them. Check your
answers against those offered in the Answer Key for Exercise 4B.

CURRICULUM AREA:  Social Studies GRADE LEVEL: Grades 4-6
NAME OF CURRICULUM: Social Science Laboratory Units

1. Emphasis on teaching ideas rather than facts? H M L None_ 7
Basis for vour rating:

2. Emphasis on teaching methods of enquiry used H__M__L__None __?
by scientists or scholars in the subject area?
Basis for your rating:

. 3. Emphasis on students making hypotheses? H__M__ L None__7
= Basis for your rating:

4. Emphasis on students testing hypotheses by H__ M L__ None_ 7
examining evidence or investigating?
Basis for your rating:

5. Emphasis on student discovery of principles H__ M L None_ 7
or rules?
Basis for your rating:

6. Emphasis on students conducting individual or H__ M L None_ 7
group enquiry (prob1em-solving§
Basis for your rating:

projects?




_—

Unit & - 48
EXERCISE 4B - ANSWER KEY:

. Assessing a Curriculum Description for Enquiry

Explanation: The answers given below are not meant to be the only correct
ones, since they reflect the judgments of the author of this unit. They
should be helpful to you in checking your answers.

CURRICULUM AREA: Social Studies GRADE LEVEL: Middle Elementary
NAME OF CURRICULUM: Social Science Laboratory Units

1. Emphasis on teaching ideas rather than facts? H v M__L__None 7
Basis for your rating:

There is strong emphasis on testing ideas rather than
learning facts.

2. Emphasis on teaching methods of enquiry used H v M L__None _ 7
by scientists or scholars in the subject area?
Basis for your rating:

This is the topic of the first unit.

. 3. Emphasis on students making hypotheses? H v M L None_ 72
Basis for your rating:

Students search for reasons to explain observations.

4. Emphasis on students testing hypotheses by WYy ML None___ ?__
examining evidence or investigating?
Basis for your rating:

Students gather data to test hypotheses.

5. Emphasis on student discovery of principles Y oML None_ 2
or rules?
Basis for your rating:

Students make generalizations such as frustration leads to
agression.

6. Emphasis on students conducting individual or e nviL None_ 7
group enquiry (prcblem-solving? projects? -

. Basis for your rating:
Students use project guides to conduct Tnvestigations.
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. ] "Exercise § Curriculum Description:

SCIENCE--A PROCESS APPROACH
Science--A Process Approach is a sequential elementary science
curriculum K-6 (grades 7,8 tn development} developed by the American
Association for the Advancement of Science (AAAS) and based on Tearning
_ theory as presented by Robert Gagné. The Project Director was John R.
Mayor of the AAAS staff.

PURPOSE: The aim of the Commission in creating the program was to develop

a comprehensive elementary sequence, including experimental laboratory
exercises, that focused primarily on ways of developing basic skills in
the processes of science. In addition, it was to be designed to make
possible particular achievements in the processes of science which could
. be related to individual development in the knowledge of science and its
methodology. Another major purpose is to teach facts in relation to the
procedures of scientific inquiry through basic skills such as observing,

measuring, pradicting, defining operationally, inferring, classifying, etc.

CONTENT: The actual content is secondary in importance to the following
processes emphasized in this curriculum:

Observing: Identifying objects ~nd object properties, changes in
physical systems, controlled observations, ordering a series of
observations.

Classifying: Classifications of physical and biological systems,
muiti-stage classifications, coding, tabulation.

Using Numbers: Identifying sets and their members, ordering, counting,
adding, multiplying, dividing, finding averages, using decimals, and
powers of ten.

Measuring: Identification and ordering of lengths, demonstration of
rules for measurement of length, area, volume, weight, temperature,
force, and speed.
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Using Space/Time Relationships: Identification of shapes, movement
and direction, rules for straight and curved paths, changes in
position, and finding of 1inear and angular speeds.

Communicating: Bar graph descriptions of simple events, describing
physical objects and systems, construction of girraphs and diagrams
for observed results of tests.

Predicting: Interpolation and extrapolation in graphic data,
formation of ways of testing procedures.

Enferring: Inferencing for observations of physical and biological
phenomena, construction of situations to test inferences drawn from
hypotheses.

Defining Qperationally: Distinguishing between operational and non-
operational definitions, constructing operational definitions in new
problems.

Formulating Hypotheses: Distinguishing hypotheses from inferences,
observations, and predictions; constructing and testing hypotheses.

Interpreting Data: Describing graphic data and" inferences based upon
them, constructing equations to represent data, relating data to
hypotheses, generalizing from experimental findings.

Controlling Variables: Identifying manipulated and responding (in-
dependent and dependent) 'ariables in a demonstration of an experiment,
conducting an experiment, identifying the variables and describing

how variables are controlied.

Experimenting: Reiterating the sequence for controlling variabies,
interpreting accounts of scientific experiments, stating problems,
constructing hypotheses, and carrying out experimental procedures.

GOALS AND TEACHING STRATEGIES: The process skiils (described in “CONVENT"

of this abstract) form the core of Science--A Prccess Approach and through

them the child becomes highly involved in using the processes of §cience
" in becoming an active investigator. The use of laboratory techniques--
especially the experiment deserves special attention. The experiment is
the sharpest tool of science and in devising an experiment the child
exercises his ability to pose a question, to consider possible answers,
to select appropriate instruments, to make measurements, and to be aware

of the sources of error. No textbook is provided with this program. Most
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of the reading materials are provided for the teacher to direct inquiry~
oriented sessions with the students. Rather than reading about science,
in this curriculum children learn about science through the use of their
senses, mental involvement, and divect manTpuTatTon‘bf things ia theip

{mnedtate environment.

The assumption of Science~-A Process Approach {s that science is much

more than a collection of facts, and that children will benefit from

" experience that will enable them to acquire the use of certain processes
that are essential for the learning of science. A basic belief is that
the scientific approach to gaining knowledge of man’s world has a

fundamental importance in the general education of every child.
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urriculum Deseription:

BIOLOGICAL SCIENCES CURRICULUM STUDY

Course and Curriculum lmprovement Projects.

Washington, D.C.:

, BIOLOGICAL SCIENCES CURRICULUM STUDY

¢« (BSCS). william V. Mayer, Univessity of Colorado,

* P.O. Box 930, Boulder, Colo. 80302. (Grantee: Ameri-

_ can Institute of Biological Sciences, 3900 Wisconsin

. Ave.,, NW., Washington, D.C 20016 (1959-1962);
University of Colorado, Bouider, Colo. 80302.)
{1962:1969)

The BSCS was established for the improvement of
_ biological education at all levels. its initial concentra-
tion has been on programs for secondary school
biology, including texts. l2boratory materals, pro-
grammed materials. research problems, films and slides
for students of diverse abilities from below average to
gifted in grades 10-12, as well as materials for teachers
2nd administrators. The stress is placed upon teaching
major principles of biology in depth with special
emphasis on investigative laboratory work and the
teacling of science as inquiry. BSCS policy is deter-
mined by an clected Steering Committee of biologists,
educators and administrators, meeting annually or
semi-annually, and an Executive Committee meeting as
required. The content for each major progeam is re-
viewed by 2 special committee of persons well qualified
in the particular field.

Three versions of a modern fLigh school course in
biology are now available for use in the tenth grade.
Although 2pproximatetly 70 percent of the content is
common 1o all thyee versions, each one approaches the
study of bioclogy from 2 distinctie point of view. Bi-
" ological Science: Molecules to Man (Blue Version) uses

1 molecular-biochemical-evolutionary approach; High
- School Biology: BSCS Green Version, an ecclogical-
evolutionary approach: Biological Sciznce: An Inquiry
Into Life (Yellow Version), a cellularbiochemical-
evolutionary approach. These three courses are equiva-
lent in depth ot content and designed for students of
average and above-average ability. Each version in-
cludes 2 text, laboratory materials, teachers’ manual,
* quartesly tests and 3 comprehensive final examination.

BSCS laboratory Mlocks provide six-week progeains
of concentrated investigation suitable for regula:
classes, and cover 2 wide range of areas, including
development, ecology, behavior, genctics. and metabo-
lism. A book deseribing many jtems of home-made,
; relatively inexpensive equipment and simplified labora-
* tory techniques has also been produced.

U.S. Government Printing Office, 1970,

P.17.3

A special handbook for teachers discusses the 2ims,
philosophy, and methods of the BSCS and also pre-
sents 2 set of invitations to Enquiry, prepated disc_us-
sions on selected biological problems desigaed to bring
ont aspects of scientific methods and phitosophy.

For academically unsuccessful students the BSCS
has prepared 2 set of materials under the title of Bio-
logical Science: Pattems and Processes. These materials
have been successful with students who have difficul-
ties with regular classroom muaterials. This progrant
includes 2 sequence of varied student materials and 2
comprehensive teacher’s edition-

For very capable students the BSCS has published 2
series <© four volumes containing a total of 160
selected investigations they might wish to undertake.

The Biological Sciences Curriculum Study has also
prepared 2 second eourse in biology empl_msizing ex-
perimentation and the processes of science. This
volume is 2 non-epetitive work, depending on the
studeat’s prior knowledge of biology but not recapitu-
lating it. It consists Of 3 text and 2 detailed teacher’s
edition.

Other aids for students include 2 series of pro-
grammed materials on such topics as population
genetics, DNA, human reproduction, and energy rela-
tionships, 2 seres of pamphicts on special topics in
biolog, . 2 s¢quence of inquiry slides that can be pro-
iected in daylight upon a blackboard and the image
marked upor by student dnd teacher in catrying
through the inquiry, and 2 series of 40 Single Topic
Inguiry Films, which serve as data sources for investi-
gating a specific biological problem.

For information purposes the BSCS produces a
Newsletter available free upon request,a Bulletin Series
concemed with special aspects of biological education,
a Special Publication Series dealing with teacher prep-
aration, teachor training films and an information film
cireulated upon request to those interested in the pro-
grams of the BSCS.

For a cusrent listing of BSCS materials and their
sources write directly to the project director, BSCS
Intemational News Notes provides information on
BSCS materials that have been translated into lan-
guages other than English.

Further information is available irom the project

» director.
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SCS biolog

what is the background of the BSCS materials? Who Pamphl=ts on hiological topics.
prepased them? Under what sponsorship was the work Far the reacher BSCS has developed the Biology Teach-
undertaken? ers' Handbook: a series of Bulletins on hiological education:

. . Special Publications dealing with implemcntation of the
In 19358, the BSCS was organized by the Education Com- BSCS program: the BSCS NEWSLETTER. an informa-

mittee of the American lostitute of Biological Sciences - s " .
. . = . . tional puhlication sent free on request 10 those interested in
(AIBS} with a membership ofunore than 83.000 biologists. BSCS niaterials; Achievement Tests for each of the versions.

.The B?CS“fl—inc'lion was “lo seck lf\e‘ iMp:'Dvcmenl ';f hiology Biological Scicnec: Interaction af Experiments and ldeas.
education.” “Initial major support for the BSCS has come and Biological Science” Patterns and Processes. as well as a
Jrom National Science Foundation grants. Other grants such Processes of Science Test (POST) that can be used as a pre-
as lhose' from the For(! Foundau?n. USOE. -Rockefeller and post-test. and Comprehensive Finals for each of the
«Foundation. and the Asia Foundation have assisied BSCS threc versions of I0th-grade hiology. The BSCS materials
.a;'e“:}“fs.' Fif»(.‘:l' ;eéme'T"? f(;rglﬁl;e BSdCS w;l;ﬁz;ssrhmeg’b'y constitute a flexihle pro‘gram from which the tcacher may
Lthe University of Lolorado In 15023, and in ¢ Vni- select that porrion which hest suits his ability and interest
Lversity assfun&edcgozh nenergll :;:imlmsl:ral;-e l:md ﬁlscgl spon- in achicving his goals. The availability of these projects of
tship of E3 hy establishing thc Biological Sciences N -, M
PCurriculum Study Center at the Um\ers:l\- of Colorado. the BSCS is delincarted at the end of this publication. Other

;  malerials currentdy in the developmem stage will be an-
General policy for the BSCS is estahlished by a 20- nounced in the NEWSLETTER as they are ready for use.

member Steering Committee. which includes both profes- .

+sional biologists and educators ar the college and secondary . i -
level. The Chairman of the Executive and Steering Commit- What are the aims and ebjectives of the BSCS progtam?

tees is Dr. Arnold B. Grohman, Dean of Rurgers College, The original charge o the BSCS was the improvement of
"Rutgers University. The Director is Df. William V. Mayer. biclogical education at all levels. As i was impossible o
University of Colorado. Boulder. implement such 2 broad charge effectively, the initial deci-
The BSCS originalty developed three parallel sets of sion was 10 provide feachers with marerials that properly
course materials for high school biology: Biological Seicnce: reflect both the eontent and methodology of biology as a
"Molecules to Man (Blue Version). High School Biology. 20th century seience and (o coneentrare this effort at the
BSCS Groen Version. and Biological Science: An nguiry point in American educarion where the hulk of studenrs are
Into Life {Yellow Version). These were prepared hy teams involved in the course in biology. chiefly the tenth grade of
of writers working al Summer Writing Conferer.ccs during secondary school. To do this. the BSCS found it necessary
three successive vears—T960. 9nl. and 1962, Each version 10 prepare introductory high school hiology courses. suitable
consists of text. lahoratory materialz. and appropriale teach~ for wlde use in the average high school. with average classes.
er's manuals. In the vears following each of the first two to give students a hasie understanding of science and of
‘summers” work. the materials were widely tested and rr. scientific processes: and in so doing. 1o huild sciemific
wiewed 10 five feedhack for the succeeding rewriting. literacy 1o aid in the preparation of the student for respon-
Wriling teams were made up of research hiologists and high sible adult citizeoship. The primary ohjective is to teach
school hiology 1enchers, scienee as a way of thinking—as a2 method of secking
In addition to the initial threc versions of the high school answers. To accomplish this. underlying conccpts and wn-
hiology text. the BSCS suhsequemly produced Biological derstandings are stresscd. Studemt work is ecntered in the
Scieace: Patrerns and Procesers. a i0th-Crade hook for the lahoratory, where real prohlemis arc explored. Open-ended
academically unsuccesstls Binfogical Science: Iicraction of experiments and other miaterials are wsed as medis for con-
Experimenss and Ideas. & non-repclitive second course: p - veying ap underdaading of scienec. Through emphasis on
set of six-week Lahoratory Bilocks dcaling with specifie hasic concepts and the iltustratron of such concepts in varicd
topics in hiolosy: a programmed sequence of filmed inguiries ways. the student is given psactice in analvzing dora. draw-
s Single Topic Films: a four-volumc set of Rescarch Proh- ing conclusions. scehing relationships from peneralizitions,

.;:s in Birngy for the superior student: and a serics of and in finding his own answers.
1
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How.de BSCS Bicloegy materizls differ from other materials
available for this grade level? What is the justification for
such differences?

BSCS Biology differs from conventional treatments in
several ways: . -

First, all three versions have significant unifying threads.
This nnity arises from the agreement of those coucerned
with BSCS Biology that nine basic emphases should be
woven in and through each of the three versions. These are!

Change of living things through time—evolution

Diversity of type and tinity of pattern of living things

Genetic continuity of life

Complementarity of strueture and function

Biologieal roots of behavier

Complementarity of organisms and environment

Regulation and homeostasis: the maintenance of life in

the face of change

Science as inquiry

Intellectual histery of biological concepts

Second, it s a general high school program that has re-
sulted from a genuine cooperative approach among teams
of researeh biologists, high_school biolo2y teachers, seienee
educaters, and other contributing specialists. It represents
not 2 revision of old thinking in high school biology, but

- rather a completely new $art based on the most up-to-date

-

information in the field of biology. For example, where
traditional texts primarily emphasized classical systematies
and morphology. the organ and tissue level in biology, vo-
cabulary. and role memorization of isolated facts, the BSCS
versions place greater emphasis @ other levels of biological
organization. attempt a balu.:e in subject matter, de-
emphasize vocabulary as suck, emphasize the scisntific
process and the eoneepts and principles of biological science.

Third, BSCS Riology puts a greater stress on experimental
laberatery work than did traditional texts. Teachefs using
BSCS materials report spending more than double the time
of the class in the laboratory than they had done previously
with traditional materials. Furthermore. the traditi=rel illus-
trative type of laberatory exercise is de-emphasized and
stress is given fo investigative exercises whieh introduce the
student to the inquiring processes of science.

Fourth. biology is used as a vehicle whereby students be-
ecome acquainted with both science and seientific processes.
By extensive, but not exelusive vse of inquiry. students are
encouraged 1o observe, hvpothesize, experiment. gather data,
analyze and draw conclusions. This approach encourages
the student to synthesize previously apparently unrelated
facts and to develop generalizations through independent
study and thought.

It ks the eonsidered opinion of the producers of BSCS
materials tha! unifying threads or themes as the structure
for the high school biology course. as well as the different
emphasis in erms of biological levels. more adequately re-
ficet modern hiology than did former approaches. even
theugh excellent teachers jn isolated sitnations had beey
teaching along these lines with considerable success for
vears. despite laek of proper classroom materials.

The inquiry emphasis encourafces critical attitudes and
the employment of logical processes in the solution of proh-
lems. 1t places mofe of the learning responsibility upon the
student and frees the tcacher to work with students rather
than lecturing to them,

The eentran position of the laboralory refiects the convie-
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tion that 2 student comes to understand science through
participating in scienee. rather than by serving as a by-
stancer who only reads about scienee. watehes demonstra-
:_ions. or rowtinely {ollows patlerned expository work out-
ines.

Has BSCS High School Biology resulted in a mational
cumiculum?

No. The BSCS materials are availahle lo schools along
with the more than two dozen other high sehool biclogy
books. ladividual schools and school systems are free to
select from among the competing texts. which include the
BSCS Biology hooks. The aim of the BSCS i not 10 “sell®
books, but to provide models—to edueators, publishers, text-
book writers—of what eompetent research biologists, high
sehool biology teachers. psychologists. and other specialists |
think are good ways of teaching general biology at the high
school level. Other writers have prepared their own mate-
rials after reviewing the BSCS hooks and the entire area has
been accordingly enriched.

By introducing additiona) materials, BSCS has had the
effeet of reducing the possibilities of a national eurriculum
by lessening teacher dependence upon the two books whieh
were used in the majority of high schools in the United
States prior to 1960.

What is the difference between the three BSCS versions?

Biology as a field of knowledge can be thought of as a
three-dimensional strueture:

The levels of biologieal organization constitute one dimen-

sion.

The organizing conceptual schemes (BSCS themes) con-

stitute a second dimension.

Kinds of organisms used for illustrative purposes consti-

tute a third dimension. .

Biclogical inquiry. as a method of obtainlng knowledge,
pervades the whole structure. When biology is conceived of
In this way. specific facts and principles hecom: meaningful
as they are related to these dimensions. Without so relating
them, specific faets and principles represent isolated elusters
or bits of information; by so relaling them, these bits be-
come & part of an orZanized intellectual strueture,

This does not mean that there is only one wity of under-
standing hiclogy as a field of knowledge: on the contrary,
biclogy at 1he present time allows for a varicty of views as
to how its parts are interrelated. For example some bhiolo-
gists think of molecular biolo2y as the fundamental area of
biology upon which all other biclogical knowledge is based
—that biechemistry is fundamental to an understanding of
the evolutior of living organisms. Qthers consider that re-
production. develepment. and evolution are the areas whieh
deserve the major emphasis. Still other biologists consider
the eeological and tehavioral aspeeis of primary importance
and feel that preblems relating to the human speeies in the
biosphere are the most appropriate for study by future
citizens. These three. of the many possible ways of studying
biology. are the basic approaches in Biological Selence:
Molecules to AMan (Blue Version). Biological Science: An
Inguiiry pueo Life (Yellow Version). and Migh School Biol-
ogy, BSCS Green Version. respeetively.

These, then. are three particnlar interpretations of the
relatienships among the parts of biotogy. The three-dimen-




'sional structure presented above provides a general frame-
.work within which this variety of specrfic views is possible.
It does not prejudice one or another particular view: rather
it provides a framework wilhin which this variety of par-
tiular views can better be understood.

The three approaches used in the versions of BSCS Bi-
ology are all valid. Therc is no indication that any one
vérsion is more suited t0 a rural or an urban setting. to a
more or less sophisticated student hody. nor 10 a more or
-less well-prepared teacher. The choice among the versions
.i$ best made by the teacher, hased on his own background
-and interests. and on the assessment of the students’ back-
ground and interest in the particular milieu in which they
.work.

L
i What other BSCS materials are avaitable for use? What
supplemental materials are available for the student?

i Student materials for each version include both text and
ilaboratory experiments. These may be hound together or
-separately. The books are available only in sets including
‘both lab and text, since both volumes are required for an
rintegrated and balanced presentation of BSCS Biology.

A second course in high school biclogy enlitled Biological
Seience: Interaction of Expwmems and ldeas has been
"prepared.

Special material designed for the academically unsuccess-
iful student is available as Biological Science: Potterns and
sProcenes

There is a series of six-week Laboratory Block units
available. Any one of these blocks may be used to supple-

ment any of the courses of BSCS 3iology. Each block is
. centered around one area of biology. and through the labo.

ratory cxperiences therein. the studept can gain a deep
insight into the processes of scientific inquiry.

Qther supplemental materials for use by swdents include:
The BSCS Pamphlet Serics of wenty-four pampblets. with
-others projecieds and four volumes of Research Problenis in
Biology, a series of research prospeciuses which may be
used by the individual superior student as an out-of-class.
long-tange research activity.

A series of 40 Single Topic Inquiry Films is available and
may be used in connection with BSCS Biology. This series
consists of short, silent films that provide dma for developing
specific concepts found in BSCS Biology. The films are de-
sizned as inquiries into biological problems. with Teacher’s
Guides for directing the inquiry.

A new visual device for developing inquiry skills has been
Idc\rcloped wilth Guidance Associates. it consists of a se-
-quence of slides designed for daylight blackboard projection
that involve students in the inquiry process by presenting
selected cbservations and data which the student is required
{0 interpret before proceeding further.

The wide array of BSCS instructional materials available
for student use allows the icacher maximal flexibility of
curriculum design to provide for aimost every interest and
ahility group and to use to best advantage the specific
teaching sitwalion in whick pupils and tcacher operate.

What materials are avatlable for the evatuation of students
in BSCS programs?

varterly tests arc availahle for cuch versior. as well as an
nd-of-year tesl. For the 1968 cditions. these are available

*from the pubiishers concerncd, A Processes of Science Test
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(POST) is usable as both a pre- and posi-test for all BSCS
programs. In addition. achicvement tests are availahle for
the BSCS Second Course—Biofogical Sciestee: tnteraction of
Experiments and Ideas and for the program for the academ-
ically unsuceessful sindent—Binlogical Science: Patterns and
Processes. A book of 1est items #s available for the lahora-
tory blocks—Tests and Teacher's Resonrce Book. These
tests were prepared by the BSCS with the technical assistance
of a professional festing agency.

In 1966, the BSCS prepared a sequence of experimental
test items published in booklet form for each of the three
versions, The approximately 800 qucstions in cach booklet
were keyed 10 specific version chapters of the 1963 editions
and were to be used by teachers where appropriate. The
booklets werz.not tests as such but simply collections of
items from which tests could be produced. The questions
were primarily concerned with inquiry skills because re-
search had shown that these were types of questions tcachers
had greatest difficulty in constructing. These booklets were
whlely distributed free of charge to BSCS 1eachers but have
not been reprinted and are no longer available. Future plans
for similar booklets are being considered and their avail-
ability will be announced in a future NEAVSLETTER.

What supplemental materials are availabie for the teachers?
Are there suggestions for the tcacher so that he can use
8SCS materials to maximum advantage?

Each BSCS program includes appropriate and speclfic
Teacher’s Manuals. For publications. the manuals include
teaching strategies, techniques. additional activities, optional
films and references. and specific commentaries regarding
cach of the laboratory exercises noting possible problems
and pitfalls. For the Single Topic Inquiry Films and the
Inquiry Slides. detailed Teacher’s Manuals are supplicd
delineating each of the visuals, models of student reaction.
and 2 complete teaching strategy. [p addition 10 these de-
tatled teaching aids for specific programs. the BSCS has
produced the Biologv Teachers” Handheook that provides a
more general oriemation for the biology teacher. it not
only includes selecied Invitations 10 Enquiry. but also back-
ground information on such topics as siatistics, physics and
chemistry, as well ac suggestions for evaluation. bibliogra-
phies, film lists. supply sources, such techniques as the care
of living animals: and teaching tips and techniques. In addi-
tion, the Biology Teachers’ Handbook provides hackground
information concerning the philosophy and history of the
B8SCS. Modcl tcachmn schedules have been prepared for
teachers who desire them. Bulletins and Speclal Publications
provide the leacher wilh additional information relative 10
hiological education. The BSCS NEWSLETTER. an infor-
malional puhlication ahout BSCS Biology. appears period-
ically and is sent Lo individual teachers free npon request to
BSCS. It provides general information ahout the Biological
Sciences Curriculum Study and specific items such as equip-
ment and supply lists relative to the BSCS programs.
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Exercise 5 Curriculum Deseriptions

Greater Cleveland Mathematics Program

INTRODUCTORY STATEMENT

PREPARED RY THE GREATER CLEVELAND MATHEMATICS PROGRAM
. RESEARCH STAFF

Genesis and Porpose $ 3

The Educational Rescarch Council of Greater Cleveland was
created in 1959 by Dr. George H. Baird, the Council’s Executive Direc-
tor, 2s ag answer {0 a Tecognized need for a dynamic and continuous
effort to improve the quality-of clementary and sccondary education.

The Council is an independent, non-profit organization. Its perma-
nent staff of subject matter and ¢ducational Specialists devotes full time

. to educational rescarch and implementation. With the help of local edu-
cators and nationally recognized authorities in such fields as mathematics,
social science, and testing, the Council is working to develop modern
school curricula which will enable all students to meet the ever-changing
present-day needs and the ever-increasing undefinable needs of the

. future.
. Responding to the concerted request of 21 superintendents from
participating school districts in the Greater Cleveland arca, the Curricu-
lum Research Department of the Couneil undertook as its first project
a research and implementation study_in mathematics. cducation.. The- . - — ~— - -
purpose of the projeet was sct forth:

. . . to develop a comprehensive,
sequential mathematics program for alf children in grades kindergarten
through twelve, a program which is both mathematically correct and
pedagogically sound.” Surveys were made of existing arithmetic and
mathematics programs and materials, of the best learning theories, and
of the needs of the children and professional stafls of the Couneil schools.
The Greater Cleveland Mathematics Program (GCMP) with its prep-
aration of materials, teacher training, and cvaluation design was the
direct outgrowth of this initial iuvestigation. The materials in this pro-
gram were revised for use in 1962-63.

GCMP’s Educational Philosophy

The Greater Clevcland Mathemates Program is a concept-oriented
modern mathematics program in which the primary emphasis has been
placed upon thinking, reasoning, and understanding, rather than on
purcly mechanical responses to standard sitnations. The child is con-
tinvously cncouraged to investigate how and wity things happen in
mathematics. He is led to make generalizations, to test these gencraliza-
tions, and to find new applications for them.
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QOnly a few years ago many of the mathematical concepts included
in the GCMP were thought to be too difficult for children in the primary
grades. Experience with mote than 125,000 children, however, has
shown that children are able not only to nnderstand these concepts, but
that cach new step in the lcaming process takes on mote meaning be-
cavse of this nnderstanding. .

In developing GCMP, the recommendations of several nationally
secognized groups were taken into consideration. These groups incinde
the National Councit of Teachers of Mathematies, the Mathematical
Association of America, and the Commissior on Mathematics of the
College Entrance Examination Board. The srecommendations of noted
mathematicians, such as Dr. Jobs G. Kemeny, chairman of the Depatt-
ment of Mathematics, Dartmouth College, were also carefully con-
sidered. ) .

The GCMP is not an isolated cduca*’onal experiment, but rather
an organized effort not only to adapt the best of these national curricu-
Jum rccommendations to local school needs but also to build a sound
Program in areas where no such progmm cxists. It is designed to cifect
curricular change in a controlied way rather than in the vnplnned,
hazardous way in which other changes often have been cffecicd in the
past.
To accomplish its purpose cffcctively, the GCMP makes extensive
use of both the logieal structure of mathematics and the discovery ap-
. proach to lecarning. Students participate in challenging and exciting
phases of mathematics and arc led to discover, throngh the aid of skillful
teaching, the fundamental concepts that are part of the logical structure
of mathematics. Problem situations and cxpericuces arc-presented in
such 2 manner that discovery has a good chance of taking place spon-
tancously. Then, students are led to the cstablished symbolism. The
logical stucture of mathematies stimulates the imagination of children
and leads to an appreciation of mathematics as a dynamic and mean-
ingful study. Continuity and creativity are stressed throughout the pro-
gram.

‘The GCMP has been guided by the belicf that computaticial skills
should be introduced only after the concepts nceessary for understand-
ing the particolar operations have been developed and the children
have demonstrated a grasp of them. The mathematics ot the program
is presented in a2 carcfully integrated, sequential forn in which there is
& continuous flow of idcds. Old ideas are cxamined in the light of newly
formed concepts, and the scarch for patterns and relationships is sare-
folly stressed.

At cach stage of the program the child works with chailenging
problems and is encouraged to consider 4il of the ways in which these

blems might be attacked. 1Ie then trics original or unusval approaches
in looking for a solution.
1
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Mathematicians agree that the real power of mathematics is in
Jsolating logica} patterns which exist in many secmingly dissimilar situa-
tions, systematizing thesc patterns, and applying them to the solution
of new problems. The discovery approach allows the child to partici-
pate in this process and to feel the thrill that tomes from being a party
to the creation of a mathematical principle or idea.

Teachers have found that, with proper guidance, most children can
vncover the essential relationships and structural propertics originally
discovered by the mathematical geniuses of the past, and are fascinated
and cxcited by the accomplishment. 1t shouvld be remembered that the
idea or principle being developed is new to the child, cven though it
may have becn originally cxpressed thousands of years ago.

In summary, then, GCMP is a systematic cffort to devclop an
articulated kindergarten-through-grade-12 mathematics curriculum, and
is designed to take advantage of the experiences of all earlicr movements.

The basic guidelines of the GCMP are:
1. The basic program mist be suitable for use by all students.

2. The program must have a continuous and systematic flow of
mathematical concept formation from grades K through 12.

3. The program must originate at the lowest level of instruction
in kindergarten or first grade and be continued through to
grade 12,

4. The teaching approach should make the greatest possible usc
of the discovery method of teaching and provide continuous
chalienge and stimulation to the student.

5. The program must be mathcmatically correct and pedagogically
sound, ) .

Meihods

" . The*Commentary for Teachers outlines teaching procedures which

moVe the student from concrete physical situations to their associated

mathcmatical concepts. Principles arc to pe discovered by students
through the usc of the cxercise material and other activitics outlined in
the commentary. Teachers arc urged not to formmlate principles or
algorithms too carly, but to aliow students to formulate them. Principles
and algorithms are developed with the material and cventually for-
mulated and stated by the students and the teacher. After a concept has
been developed and used, it is named. Students are then given story-
problem sitvations in whick they can apply new concepts and tech-
niques that they have leamned. The mastery levels are not speeified.

" Audio-visual aids to be used in cach upit arc listed together with
svggestions for their use.

-
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. EXERCISE 5 « WORKSHEET

Assessing a Curriculum Nescription for Enquiry

Directtons: After studying the deécription of the currictilum involved, fi11 in
your ratfngg below and write down your reasons Vor making them. Check your
answers against the Answer-Key for the' curricuium you chose.

CURRTCULUM AREA: GRADE LEVEL:

NAME OF CURRICULUM:

1. Emphasis on teaching ideas rather than facts? H ML None ?

Basis for your rating:

=
=
r

2. Emphasis on teaching methods of enquiry used None ?
by scientists or scholars in the subject area?

Basis for your rating:

3. Emphasis on students making hypotheses? H M L None ?

Basis for your rating:

4. Emphasis on students testing hypotheses by k M__ L None ?
examining evidence or investigating?
Basis for your rating:

5. Emphasis on student discovery of principles H M L None ?

or rules?
Basis for your rating:

6. Emphasis on students conducting individual or H H L None ?
group enquiry (problem-solving} projects?

‘ Basis for your rating:
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EXERCISE 5 - ANSWER KEY

. ssessing a Curriculum Description for Enquiry

Explanation: The answers given below are not meant to be the only correct
ones, since they reflect the judgments of the author of this unit. They
should be helpful to you in checking your answers.

CURRICULUM AREA:  Science . GRADE LEVEL: K-6 i
NAME OF CURRICULUM: Science - A Process Approach

1. Emphasis on teaching ideas rather than facts? H J M__ L Nore___ 7
Basis for your rating:

Facts are studied only in relation to developing or testing ideas.

2. Emphasis on teaching methods of enquiry used WY ML None_ 7
by scientists or scholars in the subject area? ,
Basis for your rating:

The central purpese of the program is teaching scientific modes of
enquiry.

. 3. Emphasis on students making hypotheses? H v M__ L None 7
Basis for your rating:

Formulating hypotheses is a major goal of the program.

4. Emphasis on students testing hypotheses by H v M__L_ None 7
examining evidence or investigating?
Basis for your rating:

Students interpret data in testing their hypothegés‘

5. Emphasis on student discovery of principles H\/ M__L__ None_ 7 ___
or rules?
Basis for your rating:

Inferring principles from data is an important emphasis.

6. Emphasis on students conducting individual or H M‘/ L None_ 2?2
group enquiry (problem-solving) projects?
» Basis for your rating:

. The program aims to teach each student to be an active
investigator.
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Explanation: The answers given below are not meant to be the only correct

_

EXERCISE 5 - ANSWER KEY . Unit 5 - 61

Assessing a Curriculum Description for Enquiry

ones, since they reflect the judgments of the author of this unit. They
should be helpful to you in checking your answers.

1. Emphasis on teaching ideas rather than facts? H v M__L__ None__?

CURRICULUM AREA: Biology GRADE LEVEL: Grades 10-12
NAME OF CURRICULUM: Biological Sciences Curriculum Study

Basis for your iating:

There is a deemphasis on teaching facts.

2. Emphasis on teaching methods of enquiry used v ML None__ ?_
by scientists or scholars in the subject area?
Basis for your rating:

The entire program stresses learning scientists’ modes of
enquiry.

3. Emphasis on students making hypotheses? HYy M L None__ 7
Basis for your rating:

The program teaches students to make hypotheses.

4, Emphasis on students testing hypotheses by H VM L None 7
examining evidence or investigating?
Basis for your rating:

Investigations are conducted to test students' hypotheses.

5. Emphasis on student discovery of principles H v/ M__ L None__ ?
or rules?
Basis for your rating.

Students are encouraged to formulate their own principles.

6. Emphasis on students conducting individual or H v M_ L None__ ?
group enquiry (problem-solving) projects?
Basis for your rating:

Students conduct experiments.
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EXERCISE 5 - ANSWER KEY

. Assessing a Curriculum Descrtption for Enquiry

Explanation: The answers given below are not meant to be the culy correct
ones, since they refiect the judgments of the author of this unit. They
should be helpful to you in checking your answers.

CURRTCULUM AREA:  Math GRADE LEVEL: K-12
NAME OF CURRICULUM: Greater Cleveland Mathematics Program

1. Emphasis on teaching ideas rather than facts? H v M L None ?
Basis for your rating:

The program is concept-oriented, stressing thinking.

2. Emphasis on teaching methods of enquiry used H M L None ?\/,
by scientists or scholars in the subject area?
Basis for your rating:

Not definitely stated in the description.

. 3. Emphasis on students making hypotheses? H \/ M L None ?
Basis for your rating?

Students make hypotheses.

B 4. Emphasis on students testing hypotheses by H v//M L None ?
examining evidence or investigating?
Basis for your rating:

Students test their hypotheses,

and

5. Emphasis on student discovery of principles H V//M L None
or rules?
Basis for your rating:

Students are led to discover math principles (rules}.

6. Emphasis on students conducting individual or H‘J/'M L None ?
group enquiry (prob1em—solving? projects?
Basis for your rating:

. The discovery method is used in conducting problem-solving
tasks. Story problems are used in the early grades.
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References to Qther Descriptions of Enquiry Curricula
In case you wish to turn to them, here are some key references to
descriptions of various erquiry-focused curricula.

A Sourcebook of Elementary Curricula, Programs, and Projects

This 493~page compendium describes over 150 curricula, along with
descriptions of instructional models, teacher training, and instructional
resources. The curriculum descriptions follow a standard outline. The
Sourcebook was compiled by the Far West Laboratory for Educational Research
and Development in San Francisco. It is a product of that laboratory's
ALERT Information System. The volume is for sale by the Superintendent

of Documents, U.S. Government Printing Office. Stock Number 1780-1072.

ar
-
3

* I Elementary Science Information Unit

This is a kit offering systematic descriptions of six elementary

sci. .e curricula. There is a booklet for each curriculum and for

each, a film strip and audiotape correlated with the filmstrip. The

unit was developed by the Far West Laboratory for Educational Research

and Development. It is distributed by the EPIE Insiitute, 463 West Street,
New York, New York, 10014,

Social Studies Curriculum Materials Data Book 1971

This book presents two~page summary descriptions of a large number of

social studies curriculum projects. The descriptions were done by the

Social Studies Educational Consortium in Boulder, Colorado. The Consortium
is the clearinghouse for social studies. It also publishes Curriculum
Materials Analyses (CMAs) in booklets of about 20 pages. As of March 1971,
34 such booklets were available. The reports of the Consortium are availabie
through the ERIC information system.

Clearinghouse on Science, Mathematics, and Environmental Education

This ERIC clearinghouse is located at Ohio State University in Columbus,
Ohio. Its reports are available through the ERIC systen.

Course and Curriculum Improvement Projects

The National Science Foundation, in 1970, published a description of the
curriculum projects it was funding in the areas of mathematics, science,
and social science. The report, Course and Curriculum Improvement Projects
NSF 70-18, is sold by the Superintendent of Documents, U.S. Government
Printing O0ffice.

New In-Depth Evaluations of Social Studies Curvicular Projects, Programs
and Matertals

This special issue of Social Education describes 26 projects or programs
in elementary or secondary social studies. The journal is published by
the Natioral Council for the Social Studies. The jssue is Vol 36, No. 7
{November 1972}.
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Objective 6. Analyze and assess nstruction in terms of the extent to
_ . wiich enquiry is taught. :

Ar: important way for you to apply your know]édge of ‘enquiry is in
examining instruction to determine the extent to wiiich it teaches enquiry.
This can accomplish two things. For one, it can strengthen your understanding
of enquiry by teaching you to search out features of instruction that

contribute to students' competence in performing enquiries. For anofher,

ii can give you experience in condicting analyses of imstruction that‘would
be helpful to school personnel in setting about to improve instruction
in terms of enquiry.

Since it may not be feasible, observing instruction is optional. The
material that follows deals with how you would plan for analyzing imnstruction
in terms of enquiry. After studying this material, you will have the option
of conducting an analysis of actual instruction in case you have the

. opportunity.

Planning an analysis of instruction in terms of enquiry

In planning observation of instruction to determine the extent to which
enquiry is being taught, you need tc do two things: specify the indicators
(features) of enquiry instruction you would look for, and specify how you
would conduct your data-gathering process. Exercise 6 that follows gives you
the opportunity to tﬁink thro;gh this planning task before studying it further.
In doing the exercise, select a curriculum area--science, social studies, or
mathematics--at either elementary or secondary level. Then list the things
you would Took for in examining instruc%ion in terms of enquiry. Finally,
outline how you would go about getting the data you needed. Therz is no
answer key for Exercise 6. Instead, the Worksheet is followed by a discussion

. . of the planning process. Use this discussion in checking and rounding out the

answers you gave on the Worksheet.
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| . EXERCISE 6 - WORKSHEET

Planning the Analysis of Instruction in Terms of Enquiry

Directions: tChoose a curriculum area for analysis, 1ist things you would
Took for as indicators of enquiry tnstruction, and outline how you would
conduct your observations in one or more classrooms.

Curriculum Area: Elementary____ Secondary_

Indicators of enquiry you would Took for:

How you would conduct your data gathering:
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In analyzing instruction to determine the extent to which enquiry is
taught, you should loox for the same features in the conduct of instr.ction
that you looked for in descriptions of curricula. The difference is that now
it is the conduct of insfruétion that is being examined. The features you
should look for include the following:

An emphasis on teaching students the models of enguiry used by scientists

or scholars in the subject when they obtain new knqwledge in the subject

darea.

An emphasis on teaching students to hypothesize about cause/effect
relationships within the subject area.

An emphasis on teaching students methods of testing hypotheses.

An emphasis on teaching students to offer explanations of phenomena.

An emphasis oﬁ having students conduct individual or group projects.

It will be particularly important to learn whether all students zre taught
competencies in enquiry, or whether this teaching is mainly limited to so-called
gifted students. If the school uses ability grouping, for example, you should
check whether enguiry is taught in the high groups but not in the groups made
up of less-advanced students.

Also, it is important to check the extent to which instruction is focused
on individual students rather than on the whole class. Do different students
work on different lasks at a given time? Can students proceed at different rates?
Do students have the privilege of choosing their own project tasks, or are all
tasks assigned?

The second part of Exercise 6 asked you to indicate how you would go about
getting data needed to analyze and assess enquiry instruction. A good
starting point would be to examine the curriculum being used tec determine what
enquiry provisions were built into the learniig materials being used. Also,

it would be helpful to interview the teacher(s) whose instruction you wished to

observe. This would give you an overview of the extent to which the teacher(s)
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conceived enquiry as a learning goal an& plaaned instruc’ion to foster '
enqi;;r;.

In observing instruction ocgurring in one or more classrooms, it would
be a good idea for you to have a check 1ist of enquiry features including those
Tisted above. You might need to observe each class you selected two or more
times to get an adequate sample of instruction for judging the amount of
enquiry being taught. —

An important waf of checking and interpreting your observattons would
be to interview students about their notions as to what was important to learn
in the subject. Also, you might re-interview the teacher(s} to check whether

the conclusions you drew from your observaticns were accurate.
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Conducting an analysis of instruction in terms of enquiry (optional}

If you have the opportunity (time and access to instruction) it will be
valuable for you to apply your understanding of enquiry to the examination of
actual instruction in the curriculum area of your choice. If you work in a
school system, this should cause no difficulties. If n.t, you still may be
able to conduct this analysis through using your contacts with a school
system. Only about one-half day is required, unless you wish to conduct a
survey of enquiry instruction in more than one classroom.

To assist you in conducting your analysis of enquiry instruction, the
Horksheet. for Exerclse 7 is provided you to indicate categories of data you
will need and to give you a convenient form for recording your data. You can,
of course, work out your own categories and data forms. The Exercise 7 -
Horksheet assumes you will observe just one teacher and one classrocm. If you
decide to make further observations, you may wish to duplicate the forms
offered here.

Since this is an optional exercise and uses your data, no Answer Key is

provided for Exercise 7.
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' . EXERCISE 7 - WORKSHEET

Directions: In doing this opfiona] =xercise, either follow the procedur:e
indicated in this Worksheet, or set up your own procedure and werksheet.

CURRICULUM AREA: GRADE LEVEL:
TEACHER: DATE OBSERVED:
TEACHER INTERVIEW MOTES

Teacher's report on degrée of emphasi.s on_teaching enquiry (problem solving)

Teacher's report on materials and equipment used in teaching enquiry

3 s

.' Teacher's report on instructional methods used to teach enquiry
--~Teaching methods of enquiry scientists or scholars use in the field?

-~Teaching students to make and test hypotheses?

Y

~--Teaching students to interpret phanomena using concepts and principles?

--Having students conduct individual or group projects?

Teacher's description of the class and class members® competéncies in enquiry
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. ‘ EXERCISE 7 - WORKSHEET (CON'T.)
RECORD OF CLASSROOM OBSERVATION

. Topic of lesson observed:

General conduct of lesson (lecture, class discussion, reading, projects, etc.}:

Analvsis of instruction in terms of categofies of enquiry:

Teaching about modals of enquiry used by scientists or scholars

[ S

Teaching students to hypothesize

Teaching students to gather data to test hypotheses

Teaching students to interpret phenomena in terms of concepts and principles

Having students conduct individual or group enquiry projects

kacord of interviews with two or more students on what they learned in the lesson
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Objective 7. Outline a plan for assisting a school district in introducing
' enquiry~focused instruction

This objective deals with putting together a knowledge of enquiry-focused
jnstruction and a knowledge of the process a school district should go through
in selecting any sort of change program. To do this, you need to use what
this unit offers about enquiry and the skills covered in either of two other
units of this training program: ﬁnit 3 ~ Task Flow for Designing and
Conducting Local Educational Improvement Programs, or Unit 8 - Selecting a
Local Educational Imﬁ}ovement Plan. In performing this objective, it would
be desirable for you to study either.Unit 3 or 8 first. If you have not
already studied one of these units, or if you do not now have the time to
study one of them, you still can proceed with this objective without that
background. Enough direction is provided here to enable you to perform the
objective without having studied one of the other units.

Assume that a school district wishes to improve its emphasis on enquiry-
focused instruction in a curriculum area. Assume you are called upon to offer
assistance in performing two essential tasks: conducting a needs analysis to
determine what shortcomings in the local program are to be overcome, and
planning a change program that will make the needed improvements in the teaching
of enquiry. What is the planning process you would follow in assisting the
school district? The material below outlines this process and offers you
practice in thinking through this process by perforniing two exercises. Since
it is assumed that you will not engage in actual planning with a school
district, the material offered covers only the steps to be taken in the
planning process. The material is presented in two parts - conducting a

needs analysis and selecting an improvement program.
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Conducting a Needs Analysis

An instructional needs analysis has the purpose of determining what
should be improved in an area of instruction and thus provides an essential
basis for se'ecting the improvements to be introduced. A needs analysis breaks
into three tasks that should be performed in sequence. %hese tasks are:

1. Specify instructional aims in the area of concern

In the case of enquiry-‘ocused instruction, this task calls for
spebifying the enquirv aims of instruction in the curriculum area.

2. Assess local shortcomings in accomplishing the specified aims

Once enquiry aims have been specified, the task is that of determining
how well, or how poorly, each is being achieved. This requires
selecting appropriate assessment instruments and procedures, then
gathering an appropriate sample of data on student achievement of

each aim.

3. Identify likely causes of shortcomings

In determining what changes are needed to remove shortcomings in
accomplishing enquiry aims, it is very helpful to pinpoint faults in
the instructional program that could account for those shortcomings.
Is the cué;iculum being used inappropriate to those aims? Are teachers
1nadequately trained for teaching enquiry? Etc.
These three tasks are presented in detail in Units 3 and 8. You may
wish to refer to one of those units before doing Exercise 8. This exercise
calls upon you to think through the three steps of needs analysis. The
Exercise 8 - fAnswer Key is meant to help you round out your understanding of

. the process of condu;ting a needs analysis. It is not meant to offer official

correct answers,
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. EXERCISE 8 - WORKSHEET

Analyzing Needs for Improving Instruction in Enquiry

Directions: This exercise gives you the opportunity to think through the
three key steps in conducting a needs analysis. Brief answers will be
sufficient. After completing the worksheet, turn to the Answer Key for
suggestions on points you may have missed.

1. Specifying enquiry aims: How would you recommend finding out what a school
district desired to accomplish by way of teaching enquiry in a subject area?

. 2. Assessing shortcomings in accomplishing aims: Assume one aim in teaching
elementary social science was that students learn how to plan a public
opinion poll. How would you recommend determining how well students were
Tearning this enquiry skill?

3. Identifying likely causes of shortcomings: Assuming students were not
learning how to plan public opinion polls, what are some likely causes
for this failure of the instructional program?
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. EXERCISE 8 - ANSKER KEY

Analyzing Needs for Improving Instruction in Enquiry

Explanation: The answers offered below are meant only to help you strengthen
your understanding of conducting a needs analysis. They are not given you

as the only correct answers.

1. Specifying enquiry aims 1in a given curricular area

These are methods you might have recommended:

Examine the curriculum being used to determine its enquiry aims.

Consit1t with school leaders and teachers of the curriculum area.

Conduct a parent/teacher workshop to determine what enquiry aims
parents would 1ike instruction to cover.

In your leadership role, present a Tist of enquiry aims drawn from
new curricula in the area and ask school staff members to indicate
which of these aims they would 1ike to include in the instructional
program.

2. Asseésing shortcomings in accomplishing an enquiry aim

what is needed is a test in which students are asked to do the following
sorts of things: listing the questions that are to be asked; deciding
whether to use phone interviews, door-to-docr interviews, or questionnaires;
deciding what sort of sample of informants are to be polled; and indicating
how the data are to be recorded and analyzed. The assessment need not

test every student 1n the grades chosen for teaching this skill. A random
sample of students will be sufficient. In addition to testin? students,

it probably would be valuable to interview a small number to fearn how they

think about the task of planning an opinion poll.

. In assessing students' capabilities in planning a public opinion poll,

3. Identifying 1ikely causes of shortcomings

There are two most 1ikely causes for students' inability to plan an opinion
poil. One is a lack of instructional materials for teaching this skiil.
The nther is teachers' lack of understanding of polling procedures. You
may have thought of other likely causes.
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Selecting a Change Program to Improve Instruction in Enquiry

The process of selecting (or designing) a change program depends on
taking three sets of information into account: results of the needs analysis
that indicate what sorts of improvements are needed, resources aééi]dble
nationally that could provide the needed improvements, and local factors
favoring or opposing the adoption of any resources judged to be appropriate
for meeting the needs for improvement. These three aspects of selecting a
change program are iniroduced in Unit 3 of this training program (Task Flew

for Designing and Conducting Local Educational Improvement Programs) and are

treated in detail in Unit 8 (ﬁelecting a Local Educational Improvement Program).

In conducting a resources search you ﬁéturally would start with a list of
those enquiry aims the school district was not successful in accomp?ishing,
and with the list of most likely causes for these shortcomings. Many
resources are available nationally. Your problem would be to survey these .
resources r<lated to needs for improving the local program. Where would you
turn? A good start would be to locate experts in enquiry-focused science
instruction (perhaps in the state education gepartment or a local university)
and get their best advice as to resources likely to meet local needs or as to
sources where the required information could be found. Turning to the ,
Education Index for references to the iiterature would be an important step.
Another source to turn to is the Educational Resources Information Center
(ER;C) that gives access to a great deal of information about educational
innovations of all kinds. Ancther good source would be any nearby school
district that stressed teaching enquiry in the curriculum area with which you
were concerned. Obviously you would want to examine various enquiry-focused
curricula in the area.

Once two or more resources were located that promised to meet the local

79




e ——

Unft_S - 76
needs for improvement, the task would be to assess local factors that would
. be important in deciding which of the resources to adopt. These factors

obviously include costs of adopting each of the resources tentatively selected.
Thus adopting a new curriculum might be highly desirable but prohibitively
expensive. Attitudes of the local staff toward adopting any of the resources
also would be highly important. The preference of the Associate Superintendent
for Instruction might be decisive. Teachers' views would need to be taken
into account. Another important basis of decision would be the amount of
difficulty of implementing a resource. Thus a new curriculum might call for
major changes in instructional procedures that the school district was not
prepared to undertake. On the basis of this analysis of local factors, one
or more of the resources being considered would be chosen in preference to
others. Of course, in your leadership role, you might influence local staff
. members to change their attitudes about adopting alternative resources by
pointing out special advantages or disadvantages of the different resources.
Exercise 9 offers you the opportunity to think through this process of
selecting a set of changes to improve enquiry instruction. You are given the
results of a needs analysis and asked to suggest how to proceed in locating
and select:ng resources to meet those needs. After you complete the Exercise 9 -
Worksheet, turn to the Answer Key to compare your recommendations with those

offered there.

Exercise 9 completes this unit. When you have completed the exercise
and checked your answers with the Answer Key, proceed to the Post-Assessment

Exercise that follows. ’
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. EXERCISE 9 - WORKSHEET

Selecting a Change Program to Improve Instruction in Enguiry

Directions: In performing this exercise, select a currictilum area and a
Tevel of instruction (elementary or secondary) for your example. Assume
that the school district has conducted a needs analysis indicating the
need for a different curriculum in the area and for an in-service program
of teacher education for enquiry. Fill out the threa parts of the exercise
with your recommendations. The Answer Key does not provide the anly
correc™ answers but can help you check and round out your understanding of
of the process of selecting a change program.

CURRICULUM AREA: "LEVEL: Elem _ Sec_

1. Surveying resources to meet the identified needs for improvement

2. Analyzing local factors favoring or opposing adoption of. resources

3. Making the choice of resources to be adopted
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EXERCISE 9 - ANSWER KEY

Selecting a Change Program to Improve Instruction in Enquiry

Explanation: The points presented in this Answer Key essentially review those
made just before this exercise on pages 75-76. They are stated here to help
you check the answers you gave on the Worksheet.

1. Surveying resources to meet the identified needs for improvement

The following is a listing of key steps to take in locating resources,
either in the form of enquiry curricula or in-service teacher education
for enquiry: -

Seek the advice of experts in enquiry-focused instruction in the subject,
Tocated in the state education department, local universities, or
elsewhere.

Search the education literature for appropriate resources.

Examine curricula and in-service teacher education programs stressing
enquiry.

Visit school systems stressing enquiry-focused instruction in the subject
area.

2. Analyzing local factors favoring or opposing the adoption of resources

These are the sorts of information on local factors you should obtain:

Local financial resources to make the needed changes in curriculum and
staff training.

Attitudes cf scheo' leadzrs and teachers about adopting each of the
resources being considered.

Availability of leadership in the district for implementing resources.

Difficulty level of implementing each of the resources being considered.

3. Making the choice of resources to be adopted

Here the task is to match up information about the probable improvements
each resource being considered would make and local factors favoring or
opposing the adoption of each resource.

The choice of a curriculum and of an in-service program should be made
to achieve the best combination of a promising resource with favorable
Yocal factors concerning its adoption.
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POST-ASSESSMENT EXERCISE - UNIT &

Directions: This exercise is the same as the Pre-Assessment Exercise which
you completed at the beginning of your study of this unit. Review your
estimates of mastery of the items in the Pre-Assessment Exercise (page 10);
you need do only those items on the Post-Assessment Exercise which you

Judged to be less than on target. Then check your answers with the Pre-
and Post-Assessment Exercise - Answer Key.

1. Define enquiry and indicate its essential components.

2a. Why should schools emphasize teaching all students how to enguire?
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2b. Should schools seek to have students acquire knowledge and skills in
. a curriculum area mainly through conducting enquiries? Explain your answer.

3. How are ideas (concepts and principles} relatéd to enquiry?

4. List key steps or stages in the enquiry process.

? Y
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5. What features would you look for in a curriculum to determine the
. extent to which {{ teaches enquiry?

6. What features would you look for in the conduct of instruction to
determine the extent to which it teaches enquiry?

7. What should you be prepared to do if called upon to help a school district
set abcut to improve instruction in enquiry within any curriculum area?

Note: To check your answers, turn to the Pre/Post Assessment Exercise - Answer
Key at the end of the unit.
85
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PRE/POST ASSESSMENT EXERCISE - ANSWER KEY

. 1. Define enquiry and indicate its essential components

Enquiry is the process of thinking and action involved in problem solving.
Problem solving occurs when a solution must be worked out rather than
arrived at by using a recipe or appealing to an authority or expert.

Requirements for enquiry are that the enquirer ccafronts a problem (need,

difficulty, purpose), selects or devises an approach to its solution, and
proceeds largely on his own toward a colution. .

2a.Why should schools emphasize teachiang all students how to enquire?

Competencies in enquiry give the individual the capability of interpreting
and controlling his experience. Also, enquiry is important in living
because rapid change in modern society requires the ability to adapt to
ever new and unpredictable events.

2b.3het1d schools seek to have students Tearn knowledge and skills_in a
curriculum area mainly by conducting engquirites?

The key point here is that learning through conducting engquiries is a very
time-consuming matter. Also, many of the things lesrned by scientists or
scholars are very complicated, requiring immense skill or knowledge. Mo
student could learn more than a tiny fraction of the kunowledge in an area

. through his own =nquiries. However, the student should learn how to
conduct enquiries sc that, when appropriate, he could conduct them on his
own.

3. How are ideas (concepts and principles) related to enquiry?

Most enquiries are not concerned mainly with gathering facts. Instead, they

involve relations of cause and effect, either to discover or apply knowledge

of relationships in explaining phenomena, or in achizving desired outcomes.
Ideas in the form of concepts and principles are essential in the study of
relationships or in arriving at solutiors to problems.

4, List key steps or stages in the enquiry process

The enquiry or problem-solving model presented in this unit contains 2ight
steps or stages. Your model may differ from this as long as it contains
similar elements. The eight steps are:

{dentify a problem

Analyze the problem

Search for a soluticn

Choose « solution (for a trial)
Prepare to try the solution

Try the solution
Evaluate the solution (Was it successful?)
Decide on a post-tryout course of action (Accept the solution? Try

another? Etc.)
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PRE/POST ASSESSMENT EXERCISE - ANSWER KEY (CON'1.) ‘i

5. What features would you look for in a curriculum to determine the extent
to which i1t teaches enquiry?

These are key features of a cﬁrricu]um focused on teaching enquiry:

Emphasis on teaching ideas rather than facts

Emphasis on teaching the methods of enquiry used by scholars or scientists
in the area covered by the curriculum

Emphasis on teaching students to discover principles or rules

Emphasis on teaching students to hypothesize and test hypotheses

Emphasis on having students conduct individual or group projects

6. What features would you look for in the conduct of instruction to determine
the extent to which it teaches enquiry?

These are important indicators of enquiry to look for in analyzing instruction:

Do students learn models for conducting enquiries in the curriculum area?

Are students taught to hypothesize and to test hypotheses with data?

Are students taught methods of gathering data?

Are students engaged in offering explanations of phenomgna?

Is there an emphasis on having students conduct individual or group &
projects rather than on whole-class lectures or discussions?

+

7. What should you be prepared to do if called upon to help a school district
set about to improve instruction in enquiry within any curriculum area?

The leadership you should be prepared to offer includes the following:

Helping the school district specify its geals for enquiry teaching

Helping the district plan and conduct an assessment of preseni successes
and shortcomings in teaching enquiry

Helping the district analyze causes for shortcomings in enquiry teaching:
inadequate learning materials and equiprment? faulty teacher skills? Etc.

Helping identify resources that could strengthen enquiry teaching

Helping the district choose the rasources to be employed to strengthen the
program

Helping the district implement and evaluate the improvements chosen
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UNIT EVALUATION FORM

Unit 5.. Enquiry as 3 Theme of Educational Reform, with Related Innovations

“Evaluation by Date

Position Organization

Please give your reactions to this unit by checking and writing in your
opinions and recommendations. Returning this form to Research for Better
Schools, 1700 Market St., Philadelphia, Pa. 19103 (Attention: Glen Heathers)
will help us judge the value of the unit as well as aiding in its revision.

A. Your judgment on the importance of a umit on this topic as training for
leadership in local educational improvement programs.

Check: Very High High Moderate Low Very Low
‘Your comments: )

B. Your judgment of the quality of the introductory section of the unit.
Check: Very High  High Moderate Low Very Low
Your comments:

C. Your judgment of the adequacy of the set of init objectives.
Check: Very High_  High_ -~ Moderate Low Very Low____

What objectives do you recommend omitting? Why?

What object?ve§ do you recommend adding? Why?
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D. Your judgment on the guality of the unit contents.

Check: Very High High Moderate Low Very Low
Your comments : ‘

.

E. Your judgment on the quality of the unit ezercises.
Check: Very High High_ = Moderate Low Very Low
Your comments:

F. Your judgment on the quality of the unit pre- and post-assessments.
Check: Very High_  High Moderate_ Low Very Low
Youy comments:

G. About how many hours did you take to complete this unit?

—

H. How valuable do you iudge this unit to be for training each of the following
categortes of educa:1onal leaders? Please enter the appropriate symbol.
H - Highly valuable. M - Moderately valuable. L - Low value
Schoel system central administrators
Buiiding principals
Gurriculum coordinators
i field consuitants of state education departments

Graduate students in administration or supervision

Other:
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