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Abstract
A 3-year study based on Piagetian theory

considered this questicn: Do children who receive

systematic instruction in the basic concepts cf mathematics

and science when they are in kindergarten think more
logically when they reach second grade than do children who

did nct have such early instruction? The groups having

prescribed lessons in kindergarten were also ccmpared with

groups whose prescribed lessons began only in the first

grade. Kindergarteners were assessed in the fall of 1965,

1966, and 1967, and first graders in the fall of 1966 and

1967. The children were pre- and posttested on a series of

tasks derived from Piaget's work. The results in logical

thinking ability seem to pcse a paradox. The second grade

group who had nc prescribed lessons in either kindergarten

or first grade performed about as well as the group who had

prescribed lesscns in kindergarten. But the latter group

performed better than the group whose prescribed lessons

began in the first grade. These ambiguous results suggest

that the comparability of the groups of children, and the

ccmparability of their school experience, apart from the

prescribed programs, needs further examination. (3P)
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PREFACE

This study, extending over a three year period, involved a grand

total df 914 children, 26 kindergarten teachers, and 58 first grade

teachers. Each child was interviewed at least once, some children twice,

and a majority, three times. The teachers not only made the interview-

ing possible, but also responded to questionnaires, permitted observa-

tions and in some instances, tape-recording of their classrooms in

action. We regret that we cannot give individual recognition, for we

know that each teacher added participation in the study to a schedule

that was already full. We are most grateful for the assistance they

gave.

We are also appreciative of the contribution made by the children,

who cheerfully answered questions, sharing some of their thoughts with

us and giving us new insight into their complexity and also into the

complexities involved in instructing them.

Our work was facilitated by the central administrative staffs of

the school systems that were involved in the study and also by the prin-

cipals in each of the 21 schools. We are particularly grateful to the

individuals in the central staffs who helped us in the initiation of the

study: Mr. Lloyd Peak in Pelham, New York; Dr. Mario Menesini in Orinda,

and Mrs. Harriet Wood in Berkeley, California; Mr. George Clark in

New Rochelle, and Dr. Edgar Farley in Garden City, New York; and

Dr. Mark Shedd in Englewood, New Jersey. The principals gave gracious

and helpful support throughout the entire three year period.

Thanks alto go to the staffs and the children in the schools where

the interview schedules were tried out, and where the interviews were

repeated for the purpose of establishing reliability: Riverside Nursery

School, Agnes Russell School at Teachers College, Columbia University,

Manhattanville Community Centers, and Yeshiva Chofetz-Chaim in New York

City; and the Berkwood School in Berkeley, California.

The idea for the study began to take shape when the senior investi-

gator participated in the 1963 writing conference for the Science

Curriculum Improvement Study. Its evolution into a large-scale investi-

gation came through the support provided in a Faculty Seminar in

Learning in the Classroom that met at Teachers College during 1964-1965.

Encouragement in initiating the study and assistance in locating

the school systems to participate in the study was given by

Dr. Robert Karplus and Dr. Herbert Thier of the Science Curriculum

Improvement Study, Dr. Henry Walbesser of the Commission on Science

Education, American Association for the Advancement of Science, and

Dr. Stanley Frank of.Science Research Associates.



The study was associated with the Institute of Psychological

Research at Teachers College. Its director, Professor Robert L.

Thorndike, has been a source of support in matters both practical

and theoretical. Professor Rosedith Sitgreaves gave consultation

on the statistical analyses, Professor Arno Bellack on the study

of classroom teachers. We are also grateful to other colleagues

who in various ways furthered our work: Professor Elizabeth Hagen,

Professor Arthur T. Jersild, Professor Jay Erickson, Professor

Myron Rosskopf, Professor Mary Budd Rowe at Teachers College, and

Professor Warren B. Searles of Queens College.

Dr. Lilly Dimitrovsky, as research associate in 1966-67 and in

1967-68 carried major responsibility for the final interviewing and

initial data analysis. Dr. Paula Miller served as research associate

during the first year of the study. Research assistants included

Mildred Hardeman and Judith Garrettson in 1965-66, Nancy Helman and

Felice Gordis in 1966-67, Ellen Goldstein and Fred Smith in 1967-68,

and Paula Jean Martin in 1968-69. Dr. Hardeman and Mrs. Gordis gave

invaluable assistance not only in preparing chapters for the final

report but also in seeing it to its conclusion.

The collaboration of Dr. David Elliott and also Dr. Edward

Chittenden needs special note. Dr. Elliott, who is an assistant

professor of education at the University of California at Berkeley,

served as coordinator for the gathering of the data in California.

He also tape-recorded lessons in the California classes. Dr. Chittenden,

currently at Educational Testing Service, who had collaborated in an

earlier study, has maintained a continuing interest in the present one,

giving spacial attention to the development of the tasks used in the

final interviews.

The senior investigator acknowledges the support of her collabo-

rators and colleagues with gratitude. Without them the study would

never have been completed. However, the decisions as to what was to

be done, what appears in this report, and the way the results are

interpreted have all been hers. For these, she takes full

responsibility.

Millie Almy

June 1969
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CHAPTER

THE PROBLEM

The major question raised in this study is: Do children who

receive systematic instruction in the basic concepts of mathematics and

science when they are in the kindergarten think more logically when they

reach second grade than do children who did not have such early instruc-

tion? The study is based on the theoretical formulations of Piaget, who

for many years has maintained that a major shift in the nature of chil-

dren's thinking occurs somewhere around the age of seven. At this point,

the child becomes less prone to distractions than he was earlier, can

hold on to and manipulate ideas more readily, is aware of contradictions,

and can correct himself when he makes mistakes.

Piaget suggests that four important factors are involved in this

transition. One of these is maturation. Another is social experience,

including not only adult instruction but also the child's interaction

with his peers. A third factor has to do with the child's encounters

with his physical environment, that is, the opportunities he has for

action on it. The fourth factor, equilibration or "self-regulation,"

involves the process whereby the child incorporates new learnings into

his repertory and becomes able to employ them in new settings.

Piaget (1966) regards equilibration as the pedagogically fundamen-

tal factor, Maturation opens up possibilities but it is insufficient

for their actualization. The influence of the physical and aocial

environment depends on the child's active involvement in it. The struc-

tures of mental growth are built as the child acts on his environment,

but they are continuously modified, corrected, reconstructed at new

levels of complexity. This process of self-regulation in cognitive

functions is seen by Piaget not only as analogous to but continuous with

organic self-regulation.

Piaget's ideas have been invoked by those who have been concerned

with curriculum revision for early childhood education, bringing the

basic concepts of mathematics and science down into the first grade and

kindergarten--and also by those who have opposed such revision. One

basic issue has been whether or not appropriate ways could be found to

teach such ideas to young children whose thinking still tends to be

rather idiosyncratic and dominated by personal concerns.

Another issue has to do wiLn whether the same concepts might not be

more readily and easily grasped after the transition to more systematic

and logical thinking is already clearly under way. Proponents of the

new curricula have maintained that the instruction experiences provided

the children are of such a nature as to facilitate, if not to accelerate,

the transition.

In the present study, children whose mathematics and science

instruction has been prescribed in teacher manuals and in workbooks
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prepared by representatives of these disciplines, are compared with

children in classes where mathematics and science experiences were

planned by each teacher on the basis of the children's interests.

The study began in the fall of 1965. At that time the recent spate

of studies and curriculum innovations designed to facilitate logical

thinking was just under way. Since then, Piaget-derived research has

increased at a rapid rate, as has the study of curriculum innovation at

the early childhood level.

The present study takes its place in a series of inquiries into

children's thinking begun by the senior author in 1957. A major aim at

the beginning was to investigate the effects of classroom experience, in

certain areas of natural science, on the young child's thinking. Fur-

therance of that aim led to a three-year-longitudinal study dealing

primarily with the early development of children's concepts of number

(Almy, et al., 1966). The main intent of the latter study was to gather

normative data to parallel those reported by Piaget. However, a ques-

tion arose as to whether the somewhat better performance of one of the

groups in the study could be attributed to their participation in an

innovative mathematics curriculum. This renewed the earlier interest in

the effects of classroom experience on thinking. The fact that several

programs of an innovative nature were available in both mathematics and

science made the present research feasible.

The present study addresses itself primarily to the question of the

timing of certain aspects of the curriculum: What effect does early

instruction have on the later development of logical thinking? It is

also concerned with the issue of the content of the curriculum and with

the issue of the instructional skills of the teacher.

Ma or Issues Concerning Curriculum

Curricular Timing and Transfer of Learning

Curriculum revision, beginning in the high school in the 1950's

gradually moved downward into the elementary school. By 1965 new pro-

grams in mathematics, designed to begin as early as kindergarten, were

already in wide use. Experimental programs in science, also beginning

in kindergarten, were being tried out in a number of schools. While

major efforts in the areas of social studies and English were still

going into revision of high school and upper elementary programs, there

was widespread interest in what could be done to promote concept devel-

opment at the earlier levels. Textbooks were already available for one

program dealing with basic economic and social concepts.

These attempts to inject more intellectual content into the kinder-

garten and first grade curriculum reflected a recognition of the rPpid-

ity of intellectual development during the early years and a belief that

this is the period when children acquire their basic orientation toward

learning. The underlying assumption is that children who are introduced

early to the most basic or elementary concepts in the various subject
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matter areas learn not only a vocabulary but also appropriate ways of

organizing information that will facilitate their understanding of the

more complex ideas they will encounter later on. It will be unnecessary

for them to "unlearn" erroneous ideas derived from a more naturalistic,

primitive and untutored experiencing of their physical and social envi-

ronment. The ultimate test of the validity of this assumption rests in

the progress the children make as they move into the later elementary

grades and on into high school and college. But there are some ques-

tions that can be raised to test the shorter term effects of early

instruction, and to investigate the practicality of offering such

instruction in several different areas of subject matter.

Some of these questions have to do with the extent of "transfer" of

learning from early instruction. Informal observation suggests, for

example, that five-year olds in a "new" mathematics program have no more

difficulties in talking about "sets," and first graders about "equations"

and "number lines," than their parents had in counting by rote or com-

puting sums at the same ages. What is often not clear is how much of

the new learning is limited to the particular classroom procedures and

materials. Will a child who is confronted in another setting with a

somewhat different problem, involving the same basic concept, reveal

that he has grasped the underlying principle, or only that he has

learned a specific set of associations? This is one aspect of the

question of transfer of learning.

Curricular Content and Transfer of Learning

Another aspect of transfer has to do with the child's ability to

apply a concept that he has learned in one area of the curriculum to a

like problem in another area of the curriculum. Does the child who has

learned to use the number line in the mathematics program readily bring

this notion to bear, without further instruction, in making observations

in the science program?

It may be, as the theory of Jean Piaget suggests, that the period

of early childhood is one in which the child's learning from instruction

is necessarily rather specific. Not until the child has had many

encounters with the physical and social environment does he begin to

develop the structures or conceptual systems that facilitate transfer.

If this is the case then it may be inappropriate to look for "transfer"

until a later point in development. Piaget's experimentation and vari-

ous replications of his work indicate that the age of seven, on the

average, represents the point at which truly conceptual thinking emerges.

Accordingly, this may be the best time to test the initial effectiveness

of early instruction.

In 1965, thc content of the new programs of early instruction

appeared to have been determined primarily by some consensus on the part

of the representatives of a particular discipline regarding those con-

cepts that are most elementary and can be regarded as fundamental.

Although they were not unaware that the basic ideas of any two subject

matter areas may overlap to some degree, they had made little attempt to
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design a total curriculum that would take such common elements into

direct :onsideration. Overlap is most obvious between science and math-

ematics. For example, the Commission on Science Education of the

American Association for the Advancement of Science specified eight

science processes to be taught in grades K-3. Among them are "Recog-

nizing Number Relations" and "Measuring" (American Association for

Advancement of Science, 1964). The Report of the Cambridge Conference

on School Mathematics notes that work with real numbers can be closely

related to work in science (Educational Services Incorporated, 1963).

But there are other areas of overlap. For example, both science and

mathematics programs call for experiences in grouping and ordering.

Teachers are often struck by the similarity between these tasks and

those more customarily given as part of early instruction for learning

to read.

A program in economics education (Senesh, 1964) dealing with dif-

ferent kinds of concepts, demands similar logical processes. For exam-

ple, the child classifies people according to their functions as pro-

ducers or consumers. He must learn to deal with the fact that a person

may have membership in more than one class, just as in science he learns

to classify objects on the basis of different properties. Problems of

order and of sequence are encountered as the children deal with the dif-

ferent costs of objects of different kinds and describe the steps in a

production process.

Viewed from the standpoint of the intellectual tasks the children

are expected to perform, as distinct from the information they are to

learn, the new programs for early instruction appeared to have a great

deal in common. To some extent programs later designed by linguists,

anthropologists, historians and geographers also posed similar intel-

lectual tasks. Accordingly, educators concerned with the total curric-

ulum for kindergarten and first grade could raise the questions of how

many different kinds of subject matter and how large are the amounts of

information children can manage effectively, while still acquiring the

basic ideas and concepts intended in the instruction. Is the goal for

this educational level to provide the child with as much information as

possible? Or is it to help him to develop ways of organizing and sys-

tematizing information of diverse kinds? To what extent are such goals

compatible?

Although the ultimate answers to these questions lay outside the

scope of the present study, it was designed to throw light on the under-

lying question of the extent to which learning acquired through early

instruction in one area of subject matter affects the child's thinking

in other areas and at a later period of development.

The Teacher and the Curriculum

Another major concern in the study had to do with the skills of the

teacher. A program that has been specifically designed to promote con-

cept formation seems unlikely to succeed if the teacher, rather than

emphasizing the common elements in the children's experiences,
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continually orients them toward learning specific information. The

present investigation, although not primarily concerned with teaching,

offered an opportunity to explore certain aspects of what teachers do

when they teach young children.

Related Research

The study draws on three major areas of research as they appeared

when the study was initiated. One is derived from the work of Piaget.

The second has to do with the analysis of classroom teaching, and the

third with curriculum content.

Piagetian Theory.

The investigator concerned with the intellectual content of pro-

grams for children in kindergarten and first grade may turn to the work

of Jean Piaget, not only for a theory of intellectual development, but

also for a method of appraising that development. A tremendous variety

of "experiments" may be found in his works that may be used to assess

the child's thought and stimulate him to think further or more deeply.

Although the early work of Piaget has been well known in this

country since the 1920's, the extent of his investigations has only

recently come into prominence. Jerome Bruner in The Process of Educa-

tion (1960) called attention to the relevance of Piaget's ideas for

curriculum revision. At about the same time a group of psychologists

concerned with cognitive processes in children devoted the first of

their conferences entirely to the work of Piaget (Keusen and Kuhlman,

1962). Flavell's (1963) volume dealing with Piaget's theory and experi-

mentation in both intelligence, and perception summarized both his

psychological and his epistemological views. In 1964 Piaget elaborated

his views at conferences held at Cornell University and the University

of California and supported jointly by the National Science Foundation

and
were

United States Office of Education. Although these conferences

were originally designed to inquire into the implications of current

investigations of children's cognitive development for the science

curriculum, it soon became apparent that such implications applied to

the entire curriculum (Ripple and Rockcastle, 1964).

ri-i Widespread recognition of the importance of Piaget's views for

curriculum had come somewhat earlier in England than in the United

<:::) States. Typical of studies based on his ideas are Lovell's The Growth

cy,D
of Basic Mathematics and Scientific Concepts in Children (1961) and

Churchill's Counting and Measuring (1961). The work of the Nuffield

Gli
Foundation (Matthews, 1968) is particularly noteworthy.

From the point of view of Piaget's theory, the period of early

childhood marks the transition from thought that is perceptual and

C> subjectively oriented to thought that is conceptual, objective, and

systematic.
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Piaget contrasts the perceptually bound, state-to-state, often

illogical thinking of the younger child with the more conceptual, more

mobile and systematic thought of the older child in many series of

investigations on quantity (Piaget, 1941), number (Piaget, 1952), clas-

sification, and seriation (Inhelder and Piaget, 1964), space (Piaget and

Inhelder, 1956), time (Piaget, 1946), elementary physics and chemistry

(Inhelder and Piaget, 1958). Some of his earlier work dealt with chil-

dren's ideas about naturally occurring events and ways of reasoning

about problems in social relationships (Piaget, 1926, 1932).

The nature of the transition from one level of thinking to the other

is highlighted in the classic "experiment" in which the child is given

two balls of clay, identical in quantity. One of them is then elongated,

or broken into smaller pieces. The child who is still perceptually

oriented, or pre-operative, claims there is more clay in the ball, or in

the pieces that art. spread out. The child who has reached the level of

"concrete operations" in thinking, indicates that the amounts of clay

remain the same, that is, he "conserves" quantity. The first child pays

attention to the appearance or state of the clay, and deals with one

.state at a time. The second child pays attention to the aspects that

remain the same even though the material is transformed in appearance.

He moves back and forth mentally from one state to the other. The first

child is untroubled by logical contradiction. The second child has

developed the elements of a logical system.

According to Piaget, a true concept of number evolves only after

the child has begun to "conserve" quantity. The number concept involves

both cardination and ordination, which are aspects of classification and

seriation respectively. When, for example, a child ignores differences

in a set or collection of pencils, treats each simply as a unit of the

total set, and notes how many pencils theie are, he is dealing with the

cardinal aspects of number (classification). When he systematically

imposes differences upon the pencils in the set by specifying, "This one

is first, that one is second, " he is dealing with the ordinal

aspect of number (seriation). Piaget and Inhelder contend, in The Early

Growth of Logic in the Child (1964), that the abilities involved in

classifying and in making seriations are also basic to the development

of logical thought. Accordingly, it would seem that the child who has

arrived at an adequate number concept is likely to deal with problems in

areas other than mathematics in a more logical fashion than the child

who has not yet reached this level of thinking.

Many studies replicating Piaget's experiments (Beilin, 1962; Dodwell,

1960; Elkind, 1961; Smedslund, 1961; Wohlwill, 1960) confirmed this

transition in thought, placed by Piaget at around seven years, on the

average. However, many questions having to do with the factors that are

involved in the transition, and with the relative roles that maturation

and experience play in it persist.

Piaget insists that the child must take an active part in making

the transition, becoming, as it were, dissatisfied with his old view of

the world, and accordingly impelled to construct his own new view.
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Merely going through the motions of conforming to the view of the older
child or adult (saying that the clay in the ball is the "same" when he
sees it differently, for example) will not transform his thought. There
is some experimental evidence (Smedslund, 1961; Wohlwill and Lowe, 1962)
to support this contention. On the other hand, Piaget does not dispute
the possibility that the early provision of appropriate experiences
(involving actual manipulation of objects, as contrasted with mere
observation or labeling) may hasten the transition from perceptually
dominated thinking to that based on logic.

The differences in the rates of transition that may be associated
with socio-economic status were strikingly underlined in cross-sectional
and longitudinal studies completed under the direction of the senior
investigator (Almy, Chittenden and Miller, 1966). The cross-sectional
study involved 330 kindergarten, first, and second graders in two schools,
one located in a middle-class area of New York City, the other in a
lower-class area. The children's ability to conserve number and quan-
tity was measured by their performance in three tasks derived from
Piaget's Le Developpement des Quantitds (1941), and The Child's Concep-
tion of Number (1952). Their thinking in an experiment dealing with the
floating and sinking of objects was also appraised. The children's con-
servation abilities were studied in relation to their thinking in this
experiment and in relation to other measures of verbal and mental
ability and of academic achievement.

The patterns into which the nhildren's performances fell corres-
ponded closely to what would be anticipated from Piaget's theory and
experimentation. The sequence of development he described, although
holding for the children from both schools, showed that those from the
school in the lower-class neighborhood made slower progress.

The sequence of development that had emerged in the cross-sectional
study was confirmed in the longitudinal study when the progress of indi-
vidual children was repeatedly assessed during a two and a half year
period. However, in the middle-class school a substantially larger
number of the children who had been re-interviewed four times conserved

on all items at the final test than did their second grade counterparts
who had been interviewed only once during the cross-sectional study.
This finding did not hold for the lower-class school.

In the course of these studies the three tasks concerned with the

conservation of number and quantity were presented to several additional
groups of children in suburban schools. Accordingly, what may be

regarded as normative data for these conservation tasks are available
for approximately 500 children.

The investigators associated with these studies also inquired into

other aspects of Piaget's theory. Their investigations dealt with chil-

dren's concepts of substance and weight (Chittenden, 1964), their
concepts of life and death (Steiner, 1965), the classification abilities

of kindergarten and second grade children (Paula Miller, 1966) and with

the "logical multiplication" abilities of elementary school children

(Brodlie, 1966).
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Involvement in all these studies led to an increased conviction
that the theory and the methods of Piaget had considerable relevance for
the education of young children. On the one hands the theory, insofar
as it suggested a sequence in which certain abilities develop, seemed
applicable to the organization of curricula.. On the other hand, and
perhaps of more importance, the methods seemed promising for the assess-
ment of the children's learning, during and following their participa-
tion in a particular curriculum.

The conference attended by Piaget and by representatives of several
experimental curricula in mathematics and science (Ripple and Rockcastle,
1964) further explored the possibilities for the application of the
theory to curriculum development. Piaget's studies had already guided
the ordering of the presentation of certain concepts in some of the new
curricula. However, many issues remained unresolved. One of these had
to do with the relative usefulness of direct instruction, as opposed to
self-discovery, in the formation of concepts. Another issue concerned
whether language could serve as a sufficient as well as necessary condi-
tion in such formation. Resolution of these issues must rest on exten-
sive research in cognitive development and learning, including not only
"natural" experiments such as the present study, but studies in which
more rigorous control of all variables is possible.

Research in Classroom Teaching

A crucial variable in the present study is the teacher. Whether or
not a well-designed curriculum has any important cognitive effects is
likely to depend in part on the ways the teachers attempt to Structure
the children's thinking.

The investigator who compares several different curricula needs
some means of appraising the teachers' strategies, At least two possi-
bilities are open to him. He may juxtapose the teaching as it occurs in
each classroom against the teaching prescribed for each curriculum, or
he may view the teaching in all the classrooms from a single framework
or category system. In the latter case he assumes that the prescrip-
tions of the various curricula will be reflected in varying amounts of
certain kinds of teaching behaviors.

Ih the years prior to 1965 several different systems for the obser-
vation of classrooms, and more specifically of the teaching, had been
devised (Medley and Mitzel, 1958). The majority of these systems fo-
cused more on the interpersonal and affective dimensions of the class-
room interaction than on its cognitive dimensions, and more on upper-
elementary and high school classrooms than on kindergarten and the lower
grades.

Pioneer work on the development of category systems for analyzing
the cognitive content of classroom interaction at the high school and
upper elementary levels was done by B. O. Smith and Mary Jane Aschner.
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Smith (1963) views teaching as "A system of action involving an
agent, a situation, and end-in-view and two sets of factors in the situ-
ation, one over which the agent has no control (for example, size of
classroom and physical characteristics of pupils) and one set which the
agent can modify with respect to the end-in-view (for example, assign-
ments and ways of askiiig questions)" (p. 4). The latter set of factors
constitutes the means by which the end-in-view is reached.

Teachers proceed to the end-in-view by strategies, as, for example,
minimizing the number of wrong responses when a pupil attempts to learn
a concept. These strategies are subdivided into tactical episodes that
may also be identified as logical operations. Examples are defining,
describing, designating, stating, reporting, comparing, contrasting, and
so on.

Aschner (1960) was specifically concerned with the kinds of verbal
actions of the teacher that would be most effective in inducing various
kinds of learning in pupils. In one of her studies (1963) she developed
a category system based on Guilford's (1956) conception of intellectual
structure. This system provides for categorization of the intellectual
tasks set the child by the teacher and parallel categorization of the
child's handling of the task. Aschner applied the system to junior high
school classes.

Bellack (1966), also using a framework based on a logical analysis
of the verbal interplay in the classroom, studied high school classes.
He identified four basic "pedagogical moves." Structuring moves set the
context for the ensuing behavior. Soliciting moves are further analyzed
into components consisting of a task (substantive or instructional) and
a set of activities dealing with the logical process and the information
process. The logical process activities are again subdivided into
analytic processes (defining and interpreting), empirical processes
(fact stating and explaining), and evaluating processes (opining and
justifying). The two additional basic moves are responding and reacting.

Whether or not schemes that are based mainly on verbal interaction
could be adapted effectively for use in the earliest years of schooling,
or for use in science programs where the manipulation of materials and

equipment assumes importance on a par with verbalization, was not known.
Indeed, relatively '"--ew attempts had been made to apply any kind of cate-
gorization scheme to the cognitive dimensions of classroom interaction
at kindergarten, first, or second-grade levels.

Hughes (1959) analyzed the verbal and non - verbal behavior of ele-
mentary school teachers, including some in kindergarten. Her system
focuses on the functions the teachers perform in controlling the pupils'
behavior and in developing content for them. Kohn (1963) studied the
ways kindergarten teachers structured classroom activities to organize

the children's learning. Taba (1964) included second grade children in
a study that examined the effect of training on the development of

thinking. Her multi-dimensional analysis relates teaching strategies
to the children's cognitive behavior.
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Despite the paucity of published reports of research concerned with

the cognitive aspects of classroom interaction at the early childhood

level, many investigators were interested in the problem. Much of the

work appears to have coincided with the current emphasi!, on curriculum

revisions extending downward into the kindergarten.

Research in Curriculum Content

If a single claim were to be made for the various new curricula

that were being tried out in kindergarten and first grades during the

early years of the 1960's, it would surely be that they were designed to

further cognitive development. Zaccharias (1964), commenting on six

years of major curriculum revisions, notes "a growing awareness that the

capacity of children to learn has commonly been grievously underesti-

mated.. Mathematicians, particularly, have discovered that children by

the age of ten years or even less can master extremely subtle concepts,

if those concepts are properly presented to them" (p. 69). On the other

hand, as Woodring (1964) points out, "Academic scholars who work exclu-

sively with selected college students are prone to overestimate the

capacity of unselected school children while elementary and secondary

school teachers, because they must work daily with students of all

levels of ability and find their greatest frustrations with the slow

learners, are prone to underestimate the ability of the kindergarten

students" (p. 7).

The ideas of the academicianS must ultimately be tested in the

classroom, and one would judge, the younger the children, the more im-

perative the need for such testing. Assuming also a more limited range

of abilities on the part of the younger children, identification of the

level of concepts or cognitive operations typically available to them

would seem important. By and large, however, curriculum workers, at

least in 1965, appeared somewhat more concerned with the development and

expansion of new programs than with an examination of their long-term

cognitive outcomes.

Although the present study is an outgrowth of the senior investi-

gator's studies based on Piaget's theories regarding the development of

children's thinking, it should be noted that the idea that curriculum

modification might produce an acceleration of the transition from pre-

operational to operational thinking is not advocated by Piaget. Rather,

in his view, schooling may affect the acquisition of information but is

not likely to be crucial in changing basic ways of organizing and assim-

ilating facts. The implications of Piaget's theories for curriculum

development are so significant, however, that, at this juncture, a test

of the effects of schooling in terms of Piaget's categories is not only

timely but essential, both from a psychological and a pedagogical point

of view.

Objectives of the Study

The primary objective of this study is to find out whether children

who have received instruction in kindergarten and first grade in one or
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more of the "new" programs dealing with basic concepts in mathematics

and science, show a more advanced level of thinking when they reach

second grade than do children of similar background who have not had

such instruction.

The study has two subsidiary objectives. One is to examine the

cognitive tasks posed by the programs of instruction in the different

curriculum areas of mathematics and science and the extent of overlap

among them. To what extent do the programs, as set forth in the work-

books and the teacher's manuals, call on the children to perform similar

cognitive tasks, such as, for example, classifying and ordering? To

what extent do they deal with similar phenomena, such as, for example,

color, shape, texture,, sound? A secondary subsidiary objective is to

explore the ways the teachers instruct the children. To what extent are

teachers able to adapt their instruction in ways appropriate to carrying

out the intent of the "new" programs?

Some of the specific questions the study is designed to answer are:

1. Do children who have participated in any of the "new"

programs reveal more advanced thinking at the second grade level than

children who have not been involved in such instruction?

2. Do children who have participated in any of the new pro-

grams in kindergarten as well as in first grade reveal more advanced

thinking at the second grade level than children who have participated

in such programs only in first grade?

3. Do children who have participated in programs stressing

the actual manipulation as well as the labeling of objects reveal more

advanced thinking at the second grade level than children who were in

classes where the experience was predominantly of a paper-and-pencil

character?

4. Do children participating in any one program tend to be

more advanced in their thinking at the second grade level than are

children participating in any other program?

5. What evidence is there to suggest that variation in the

level of thinking attained by the second grade may be associated with

variation in the skills of the teachers of the "new" programs? Since

the numbers of teachers involved in teaching any one program was small,

and many other factors might also contribute to the variation in the

children's performance, the intent here is to look for clues, rather

than anticipating definite answers.



CHAPTER II

METHOD AND PROCEDURE

In the spring of 1965, when the plan for the study evolved, several

programs designed to introduce first-grade and more especially, kinder-

garten children to the basic concepts of mathematics and science were

available. The Third Report of the Information Clearinghouse on New

Science and Mathematics Carricula listed eight projects that included

materials for the kindergarten (Lockard, 1965).

Among the considerations guiding the selection of the programs to

be included in this study were: the availability of manuals specifying

in detail the lessons or experiences for the children; the opportunity

for consultation with those who had designed the program; the coopera-

tion of the school systems where the programs were being taught; and

some comparability among the communities represented by those systems.

The Programs of Instruction

The Science Curriculum Improvement Study was chosen first. The

senior investigator had been associated with the development of this

program, as a consultant, beginning in the summer of 1963, when the

firSt writing conference was held. Some acquaintance with the program

of the American Association for the Advancement of Science, and the fact

that a colleague on the Teachers College Faculty served as a consultant

to it, led to consideration of that program. The schools using these

science programs also used the Greater Cleveland Mathematics Program, so

that it became the logical choice for a program of mathematics

instruction.

The programs are described briefly below, and in more complete

detail in Chapter III.

AAAS-Science--A Process Approach

The American Association for the Advancement of Science established

the Commission on Science Education in 1962. To encourage the improve-

ment of science education in the early grades, the Commission undertook

the development of a science curriculum beginning in kindergarten.

Using as its framework papers on "The Scientific Approach to Knowledge"

prepared by Robert Gagn6 and a panel of scientists, an experimental cur-

riculum was developed in writing conferences during the summers of 1963,

1964 and 1965.

Classroom teachers were involved in both the writing conferences

and in trying out successive versions of the curriculum. Fourteen

school systems served as experimental centers. AAAS provided materials,

books, and some compensation for the cooperating teachers. The teachers

attended meetings at the experimental centers, and regional meetings.

In addition, at the end of the year, each teacher prepared reports on

the testing of three children who had participated in the program.
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In the fall of 1965, when the present study began, the materials

for the kindergarten and first grade had just undergone their third

revision. With this revision the major impetus in the program had moved

to the upper grades of the elementary school.

Science Curriculum Improvement Study (SCIS)

This project was established in 1962 by Robert Karplus, a professor

of theoretical physics at the University of California. Karplus was

concerned with the development of scientific literacy through the provi-

sion of experiences of a scientific kind beginning in the early elemen-

tary school.

The first writing conference was held in 1963 when work on the

kindergarten and first grade materials was initiated. Revision of these

materials continued through 1964 and 1965, when the present study began.

As Karplus notes in a recent publication,

Because of the integrated nature of the SCIS program,

the trial and revision procedures are quite time-consuming.

The first-grade program, for instance, may have to be

reviewed in the light of work done by the first graders

when they come to second or third grade or even later.

There is also a reason for conducting classroom trials

for more than one year between revisions. During the

first year, the ideas and procedures of a unit are so

novel to many teachers that their reactions are not

indicative of actual difficulties in pedagogical design.

Only on repetition are the teachers able to plan instruc-

tion satisfactorily because then they know what range of

behaviors to expect from the pupils. (1967, pp. 17-18)

The kindergarten program used in the present study was undergoing

classroom, trial in 1965. It was preliminary in nature and a year later

was regarded as quite outmoded.

The first grade program used in the present study in 1966 had

reached the stage of preliminary commercial publication. Members of the

SCIS staff were frequent observers in the classrooms, particularly in

the case of those located in California.

The program developed by the Science Curriculum Improvement Study

and that developed by the American Association for the Advancement of

Science, at the kindergarten and first grade level, are similar in many

respects. Both are parts of a complete and integrated elementary

science program formulated by men who are themselves scientists. The

SCIS program emphasizes concepts and the child's involvement with phe-

nomena in the world around him. It assumes that the child will learn

the processes of science as he experiments, discusses, and analyzes.

In contrast, AAAS puts the practice of the processes in the foreground,

using the phenomena as a means for learning the processes, and the con-

cepts as tools for understanding them (Karplus and Thier, 1967, p. 8).
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Greater Cleveland Mathematics Program (GCMP)

Unlik,?. the science programs, the Greater Cleveland Mathematics Pro-

gram had progressed beyond the experimental period when the present

investigation was begun. The program developed under the aegis of the

Educational Research Council of Greater Cleveland. Beginning in 1959,

participating teachers from 25 school districts participated in founda-

tions courses in mathematics and received supplementary materials to use

in their classrooms. By the second year, teacher guides and exercise

sheets for the children had been prepared by teams of teachers and proj-

ect staff members. These materials were revised during the spring and

summer of the third year and were commercially published in 1961

(Deans, 1963).

No Prescribed Lessons

To provide a contrast to the programs where the lesson plans were

specified in considerable detail by academicians, a program allowing the

teachers more freedom was selected. The curriculum guides for this pro-

gram had been prepared by committees of teachers and supervisors in a

single school system for science in 1958, and for mathematics in 1961.

The guides, intended to meet local needs, recommended the general topics

to be covered in kindergarten and first grades, but did not include any

detailed prescriptions for teaching such topics. The teachers using

these curriculum guides could not refer to them for detailed instruc-

tions as they taught each day as could the teachers in the other three

programs.

Other Instructional Programs Used in the Classes in the Study

Except for reading readiness materials and first grade readers,

which varied considerably from one school system to another, there were

no other specified programs of instruction in any of the kindergarten

classes included in the main study. At the first grade Level, as will

be noted in the next section, the mathematics programs that were used

varied somewhat.
The Classes That Were Studied

Selection

Table 1 shows the number of children in each of the programs at the

beginning of the study, 1965, and remaining in it in subsequent years.

The first group of classes to be selected were those representing

the SCIS program. Located in Berkeley and Orinda, California, these

classes were generally taught by teachers who had been associated with

the SCIS Program for a year, and who were visited frequently by members

of the SCIS staff. The teachers also attended regular sessions with the

staff. The purpose of these meetings varied, sometimes being directed

to problems that had arisen in presenting certain kinds of material,

sometimes to the presentation of basic concepts.
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Table 1

Experimental Programs, Number of Schools, Classes and Children,

1965-1967

Program Schools

1965-1966 1966-1967 Fall, 1968

Classes Children Classes
b

Children Classes
c

Children

NI..11dR/...V.M......*1.mmw.Ir
Program Initiated in Kindergarten

AAAS 5 7 189 8 105 11 94

(GCMP)

SCIS 3 6 159 10 118 13 79

(GCMP)

GCMP
only

4 7 168 17 143 16 122

No Pre-
scribed

4 16 181a 11 152 14 136

Lessons

Program Initiated in First Grade

SCIS 3 - - 8 139 15 115

(Math)

Math
only

2 - - 8 113 14 87

a Does not include children in these classes enrolled in public

kindergarten, but scheduled for first grade in parochial school.

b Classes include children who had not participated in program

in kindergarten.

c Classes include children who had not participated in program

in kindergarten and/or first grade.

Three kindergarten teachers in Berkeley and two in Orinda partici-

pated in the SCIS program. Each taught two classes--one in the morning,

one in the afternoon. While a random selection of children from both

morning and afternoon classes would have been desirable in certain ways,

the plan for observation of the classes necessitated the selection of a

single class for each teacher--with one exception. In the latter case,

that of a Berkeley teacher, both classes were included. With this

exception, one morning and one afternoon class was chosen in each of the

three schools, in order to obtain a spread of ages, and to facilitate

the initial interviewing. The class size in the six classes ranged from

24 to 29.
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The AAAS classes were chosen next. They represented all of the

kindergarten teachers whb were involved in tEe AAAS program in Pelham,

New York. These teachers were attending regular meetings with the AAAS

consultant, but the focus in these meetings was on the teaching of the

program in third grade and up. Because one of the schools involved took

younger children in the morning, and the other younger ones in the after-

noon, while a third school had only a morning program, it was necessary

to choose the morning classes for all but one teacher. In the latter

case, both of her classes were included in the study. In the five

Pelham classes class size ranged from 18 to 27.

One of the Berkeley, California, schools had served as a AAAS try-

out center. Two kindergarten classes taught by one teacher were using

the AAAS program. These two classes were included in the study to round

out the numbers of children and classes representing AAAS. Unfortun-

ately some of the children shifted in first grade to the SCIS program,

and hence had to be dropped from the study.

The classes representing the Greater Cleveland Mathematics program

with no pre-planned science program were found in New Rochelle, New York.

Selection of a sample that would include children resembling those in

Pelham and Orinda resulted in the inclusion of four afternoon and three

morning classes. No teacher had more than one class included in the

study. The number of children in six classes ranged from 19 to 24, but

a seventh class of 35 had a head teacher and an assistant teacher.

The kindergarten teachers in New Rochelle had participated in a

number of in-service sessions with the system's mathematics coordinator

prior to the introduction of the Greater Cleveland Mathematics Program,

but there were no special training sessions going on at the time the

study began.

The classes chosen as a contrast group, having no prescribed

lessons, were located in Garden City, New York. In these schools morn-

ing and afternoon kindergarten classes reversed at midyear. Class size

ranged from 16 to 23, and with one exception, both morning and afternoot

groups were included in the study. In this community a number of chil-

dren customarily attended public school kindergarten, then shifted to

parochial school for first grade. Only those kindergarten children

whose parents indicated that they would continue in first grade were

included in the study.

The classes representing science instructioi. in the first grade but

not in kindergarten used the SCIS program. (The AAAS program was

designed to be initiated in kindergarten and no beginning first grade

classes were available.) In the fall of 1966 SCIS programs beginning in

first grade were initiated in three different school systems in the New

York metropolitan area. One of these, Englewood, New Jersey, cooperated

in the present study. The teachers participated in an in-service train-

ing program that was centered at Teachers College, Columbia University.

To some extent these circumstances paralleled those that prevailed in

California for the training of the kindergarten and first grade teachers
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whose SCIS classes were included in the study. An important difference,

however, is that by 066 most of the California first grade teachers

were experienced in teaching SCIS. On the other hand, the in-service

program in the New York Center could benefit from earlier experience in

California and was organized to prepare the teachers in advance for some

of the problems they were likely to encounter.

The choice of the Englewood classes was based on two considerations.

First, the population appeared to be sufficiently varied to provide an

appropriate comparison with the other schools in the study. Second, the

schools were involved in an evaluation study with consultation from a

member of the Teachers College faculty who also served as a consultant

to the present study. Accordingly some collaboration in gathering data

could easily be arranged.

An additional advantage in selecting the Englewood schools lay in

the fact that their mathematics program was regarded as comparable to

the Greater Cleveland program by the mathematics consultants to the

present study. Further, since half of the first grade classes were not

involved in the SCIS science program, they could be included in the

study to represent instruction beginning in first grade, in mathematics,

but not in science. Accordingly, all of the first grades in the Engle-

wood schools were involved in the study. Eight of them in three schools

had SCIS science, and a mathematics program based on GCMP (1962) or

Addison Wesley (1963) beginning in first grade, and eight classes, in

two other schools, had only the mathematics. The kindergarten programs

from which these classes had come did not involve any special instruc-

tion in either science or mathematics. At this time, in New Jersey the

use of any text book program in the kindergarten was prohibited. The

class size ranged from 17 to 25. In some instances in the Englewood

schools, teachers worked in clusters so that the children could receive

instruction from a specialist in a particular subject.

As previously indicated, the original plans for the study had

included a sample of classes who were participating in a program of

instruction dealing with social science concepts. However, when the

classes to represent SCI'S and AAAS had been located, it turned out to

be impossible to find enough classes in any accessible community to pro-

vide an adequate sample for the study of social science concepts. In

the fall of 1966, however, two classes participating in the program

devised by Lawrence Senesh, Our Working World (1964), were located in

one of the Berkeley schools that had not previously been involved in the

study. These classes had been instructed in the Greater Cleveland Math-

ematics Program in kindergarten, and had had no special instruction in

science. It was possible to interview the children in these classes

when they began first grade and again when they began second grade. The

number of children in thi3 group is too small to be included in the

major analyses of the study, but the results can be examined in the

light of the findings from the larger study.

17



Comparability of the Groups RepresentinsDifferent Programs

Although lacking specific information regarding the communities and

school systems from which the classes were drawn, the reader will none-

theless have taken note of many sources of variation unrelated to the

programs of instruction that may contribute to the final results.

Included are such factors as geographic differences, the size of the

classes, the mixtures of children of varying background within each

class, the different backgrounds and experience of the teachers apart

from the effectiveness of whatever in-service training they received,

the level of morale within the school, and so on. While the researcher

who deals with large numbers of classes can impose some degree of statis-

tical control on such variation, its effects cannot be ignored.

In the present study, the initial intent was to achieve maximum

comparability by selecting schools in middle-class communities, with

Orinda, California, serving as a prototype. Census-tract data for it

and for suburban communities in the New York area were studied, as was

information furnished by the New York Metropolitan School Study Council.

Information was also secured from publishers regarding school systems

that were using either innovative or more traditional programs of

instruction and from colleagues who served as consultants in those sys-

tems. School systems in over 20 communities were approached in the

process of selection.

Eventually it became clear that the attempt to limit the selection

to relatively homogeneous middle-class communities was not feasible. To

obtain an adequate sample of teachers as well as children, SCIS classes

in Berkeley, California, had to be included. Since these classes were

in schools located near the University so that children of students and

more rarely, a child of a professor accounted for a portion of each

class, a wide variety of ethnic and socioeconomic backgrounds was

represented.

As far as AAAS centers were concerned, Pelham, New York, a West-

chester County community with a predominately upper middle-class popula-

tion, appeared to be roughly comparable in income level to Orinda. It

is, however, an older community, and has a few areas where the income

level is considerably lower, although probably not as low as the lowest

in Berkeley. Classes in AAAS centers in Philadelphia, and in Ithaca,

New York, were given some consideration, but their distance from New

York, and the fact that they were already involved in other research

projects made their inclusion impractical.

New Rochelle, New York, representing GCMP is, like Berkeley, a city

with a mixed population. However, it borders on Pelham and has large

areas that closely resemble Pelham. Certain classes were clearly com-

parable to others in Pelhati Others presented a mixture resembling

those in Berkeley.

The selection of a schotla system where there was no detailed pres-

criptive manual for instruction in mathematics or science in the



kindergarten presented a number of problems, in addition to that of com-

parability to the systems where such special programs were offered. For

purposes of strict control, classes where there was no professed concern

with the children's intellectual development might have been sought.

Indeed, it was suggested that "it should not be difficult to locate some

mediocre kindergartens." While this is unfortunately true, it is also

true that school systems and teachers identified in this way would coop-

erate in a study of the present kind only if its purpose were concealed.
Instead an effort was made to secure the cooperation of a school system

that had earned a reputation for having good kindergartens, but was com-

mitted to waiting for the children to demonstrate "readiness" before

confronting them with systematic instruction. Garden City, New York,

had such a system, and several kindergarten teachers had expressed an

interest in participating in the study. Spontaneous cooperation of this

sort seemed desirable since it might well balance out whatever enthusi-

asm the teachers in the more experimental programs might have. In con-

sidering the results, however, it must be noted that Garden City is,

with the possible exception of Orinda, the most homogeneous of any of

the communities in the study. It is a well-to-do community that appears

to have been relatively untouched by population changes typical in the

suburban areas surrounding it

Englewood, New Jersey, where the study did not begin until the

children were in the first grade, is a community with a heterogeneity in

population similar to New Rochelle and to Berkeley. There are living

areas comparable to those in Pelham and Garden City, and there are low-

income pockets. Within all its schools there is a considerable mixture

of backgrounds.

Table 2 presents comparable census data for the six communities

involved in the study.

The Sublests

Table 3 shows the sex, chronological age, and Peabody Picture

Vocabulary Test I.Q. for all the children at the initiation of the pro-

grams. Programs that were studied from the kindergarten through the

first grade were initiated in the fall of 1965. Programs not initiated

until the first grade began in the fall of 1966. Table 4 shows the com-

parable figures for the children who remained in the study to its

completion.

Mean PPVT I.Q.'s for children who dropped from the study did not

differ significantly from those for the children who remained in the

study.

Parent Occupational Level

When children enter kindergarten the abilities they have already

developed and their readiness for instruction reflect to some degree

the educational experiences they have had in their families. These in

turn are correlated with socioeconomic status. Recent work with disad-

vantaged young children has highlighted the extent of educational
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handicap in homes of lower socioeconomic status. However, as Wolf (1964)
has pointed out, status Esse is an imprecise indicator of the effects
of a given environment. Correlations of family environment with general
intelligence, usually running between .20 and .40, and with academic
achievement around .50 can be raised 20 to 30 points when specific
aspects of the environment are appraised. Among such aspects are "the
climate created for academic achievement," "the level of intellectual-
ity," and "the opportunities provided for and emphasis on verbal devel-
opment." Wolf measured these and other aspects of the family environ-
ment through the use of an interview averaging one and a half hours in
length.

Table 2

Census Information for Communities in which Schools were Located

Community Program Population
1960

Median Income
of Families1

Pelham, N.Y. AAAS 13,404 Not Available
(total) (GCMP)
North Pelham 5,326 7,494
Pelham Manor 6,114 10,000 +
Pelham Village 1,964 Not Available

Berkeley, Calif. SCIS 111,268 6,576
(GCMP)

Orinda, Calif. SCIS 4,712 10,000 +
(GCMP)

New Rochelle, N.Y. GCMP
only

76,812 8,131

Garden City, N.Y. No 23,948 13,875
Prescribed
Lessons

Englewood, N.J. 1st grade 26,057 7,827
SCIS
(Math)

Math
only

20

Median Years of
Schooling Com-
pleted by Per-
sons 25 Years

and Over

Not Available

11.7
13.3

Not Available

12.9

14.2

12.2

12.9

12.1



Table 3

Sex, Chronological Age and Le of Children in
Six Instructional Prog:ams at the Outset of the Study

Program

Chronological

No. of Sex Age in Months PPVT

Children Boys Girls Mean S.D. Mean S.D.

Program Initiated in Kindergarten

HAAS 189 97 92 63.81 3.47 103.25 18.31

(GCMP)

SCIS 159 84 75 64.97 3.56 101.09 16.97

(GCMP )

GCMP 168 99 69 64.82 3.34 106.55 13.84

only

No prescribed 181 89 92 65.13 3.42 109.28 14.77

lessons

Total 697 369 328 64.66 3.48 105.12 16.37

Program Initiated in First Grade

SCIS 139 74 65 75.73 3.02 108.22 14.73

(Math)

Math 113 57 55 74.83 3.45 104.87 16.01

only

Total 252 131 121 75.33 3.25 106.72 15.37

Grand Total 949

a

/0NII.

EQ. is based upon Peabody Picture Vocabulary Test, Form A.
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Table 4

Sex, Chronological Age and I. aQ. at Initiation of Study
of Children Remaining to Completion

Program

Chronological

No. of Sex Age in Months PPVT

Children Boys Girls Mean S.D. Mean S.D.

AAAS 94

(GCMP)

SCIS 79

(GCMP)

GCMP 122

only

No prescribed 137

lessons

Total 432

Program Initiated in Kindergarten.

50 44 64.28 3.61 105.41 17.62

43 36 64.42 3.67 100.66 18.24

67 55 64.80 3.37 106.76 12.55

63 74 64.92 3.31 109.20 14.73

223 209 64.66 3.46 106.13 15.76

Program Initiated in First Grade
...payy...ar

SCIS 115 61 54 75.63 3.06 107.87 13.93

(Math)

GCMP 87 45 42 75.24 3.23 104.31 14.96

only

Total 202 106 96 75.46 3.13 106.34 14.45

Grand Total 634 329 305 106.19 15.340.1
a

I.Q. is based upon Peabody Picture Vocabulary Test, Form A.
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In the present study it seemed clear that the family environments
could either enhance the children's learning, or inhibit it, not only as
the children began school, but also as they continued through the vari-
ous programs. Accordingly, some measure of the home situation was
essential. Although a detailed appraisal such as that made by Wolf was
not feasible, information regarding the number of years of education of

the parents and their occupations seemed essential.

The initial arrangements with the various school systems indicated
that their records consistently included information on parental occupa-
tion but not on years of ochooling. The possibilities for securing
information regarding schooling varied from system to system.

The summer of 1965, in many communities, including some whose
schools participated in the present study, was a period of turmoil
related to school integration. In such a climate, questions having to
do with socioeconomic status, and with educational background were
increasingly regarded as potentially inflammatory. In some schools

research that included I.Q. measures also became suspect. None of the
schools that had agreed to participate in the present study asked to
withdraw, but it was apparent that inquiries going beyond the school
records, and the interviews with the children as they had been projected
would, not be regarded with favor. Tentative plans for securing somewhat
detailed information about parental occupation and years of schooling

were abandoned. At the time, it seemed that such information might be
gleaned at the end of the study. Unfortunately when the study was com-
pleted, pressures on the schools had increased rather than lessened, and
it was not feasible to attempt to gather any more data.

Information regarding the occupation of the father, or in his
absence, of the mother, was either copied from the school records, or in
some instances, supplied by the kindergarten teachers. In some cases

the information supplied was very precise, and with some knowledge of

the surrounding community, could readily be categorized. In other

instances it was more vague, and could be categorized with difficulty,

if at all.

Occupations were coded according to the index developed by the U.S.

Bureau of the Census (1963). This index was based on the average of the
three scores assigned to occupation, years of education, and income,

using a one in a thousand aample from the 1960 U.S. Census. A scale was

Ithen constructed ranging from 01 to 99 and occupations assigned scale

values on it. Table 5 shows some occupations that are typical of the

various levels. It should be noted that the points on the scale are not
necessarily equidistant, and that a large portion of the socioeconomic
range is represented at the two upper levels.

Because the school records were not always complete, and occupa-

tions were sometimes reported in indefinite ways, coding of some of the

data was difficult. Although most of the occupations were clearly
enough described to be coded immediately, a number were classified only
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after consultation with an individual who was familiar with the scale

and with the communities. In some instances ambiguous descriptions

could be coded on this basis, in others they had to be eliminated. In

the analysis of the data the scale was collapsed so that its range was

from 1 to 9. Occupations that had been categorized from 01 to 19 on the

basis of the index were coded 1 (the number of cases in the 01 - 09

category was very small). Occupations from 20 to 29 were coded 2, and

so on up to 90 to 99 which was coded 9. Cases where no information was

available or the occupation as reported could not be classified were

coded O.

Table 5

Examples from U.S. Occupational Index

Level

01-09

10-19

20-29

30-39

40-49

Occupation

household worker, laundress

kitchen worker, janitor,
sanitary services

garage laborer, recreation attendant

hospital attendant, cleaning operator,
barber

truck driver, bartender,
auto mechanic

50-59 delivery man, glazier, metal worker

60-69 bus driver, plumber, machinist

70-79 policeman, clerk, electrician

80-89 salesman, draftsman, manager,
teacher

90-99 doctor, lawyer, engineer, psychologist
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Table 6 shows the socioeconomic status of the parents of the

children who remained in the study to its completion.

Table 6

Socioeconomic Status of Children Remaining to Completion

Program

No Occupational Scale

No. in Information 0-39 40-70 80-99

Program Available N % N % N %

Program Initiated in Kindergarten

AAAS 94 9 9 10 11 13 65 77

(GCMP)

SCIS 79 11 9 13 20 29 39 57

(GCMP)

GCMP
only

122 10 7 7 20 18 85 76

No prescribed
lessons

137 13 1 1 16 12 105 86

Program Initiated in First Grade
INEsimm

SCIS 115 20 29 31 28 30 38 40

(Math)

Math
only

87 7 18 23 31 39 30 38

Note.--Socioeconomic status based on U.S. Bureau of the Census,

Methodology and scores of socioeconomic status. Working Paper No. 15,

Washington, D.C., 1963, transforming occupations to socioeconomic status.

a
Percents based on children for whom information was

available.
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The Teachers and Their Teaching

Whatever effects differences in the communities and related differ-

ences in the interests and abilities of the children may have on the

outcomes of early instruction, an equally crucial variable is repre-

sented by the teachers. Table 7 shows the educational background and

experience of the teachers in the study. A more detailed analysis of

the teachers' responses to questionnaires given them at the beginning

and the end of the school year is presented in Chapter IV. Chapter IV

also includes information related to teacher attitudes regarding early

instruction and the specific programs they were teaching.

While it seems reasonable to believe that a teacher who is enthusi-

astic about a particular instructional program is likely to use it more

effectively than one who is opposed to or even neutral toward it, only

direct observation can furnish evidence that the pr6gram is being taught

as it was intended.

In the present study, such evidence is particularly important. For

example, if a particular program were to require that the children

answer questions based on actual manipulation of materials, and the

teacher failed to provide for such manipulation, the effectiveness of

the program would be inadequately tested. Again, the intent of the pro-

gram would be violated if the program were designed to have the children

reflect on their answers and the teacher posed the questions in such a

fashion as to provide cues to the answer.

To obtain evidence on these matters, arrangements were mode to

observe in the classrooms. In the classes where SCIS and AAAS programs

were being taught, the teachers were not unaccustomed to having

observers in their classrooms. Nevertheless, the presence of an

observer, particularly for a short period, can distract both the teacher

and the children, thereby providing an inadequate picture of the typical

activity of any classroom. While the teachers in the present study ap-

peared to understand that the investigators needed to know the variety

of ways concepts were presented to the children, and also the kinds of

responses the children made, they clearly had reservations about having

their classes observed. It was not feasible to ask for repeated obser-

vations. Nearly all classrooms were, however, observed twice, and most

of the kindergartens three times. In addition, nine of the SCIS first

grade classes were tape-recorded once and four others were tape-recorded

during four consecutive lessons.

The initial plans for the classroom observations called for the

development of a check list whereby the kinds of cognitive tasks the

teacher posed the children could be recorded as they occurred. While

work on the construction of such a check list was under way, the senior

investigator and an associate spent a full morning or afternoon session

in each of the kindergarten classrooms. In general, one observer re-

corded the verbal and other activity of the teacher, while the other

observer kept a record related to the children's activities.
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As these observations progressed it became increasingly clear that

none of the check lists or category systems then available could be put

to effective use soon enough to secure data from all the classes in-

volved. Further, it could be argued that for the present study the

question of whether the programs were being taught as their authors had

intended was at least as crucial as the question of the kinds of cogni-

tive tasks actually required.

Accordingly, the observations of the classroom were turned over to

representatives of the various programs who were asked to make judgments

on the extent to which teaching of the programs conformed to the intent

of the authors. The qualifications of these observers, the observation

schedule used, as well as their findings are described in Chapter IV.

The tape recorded observations of the SCIS lessons are treated separ-

ately in Chapter V.

The Measures of Logical Thinking

Tasks derived from the work of Piaget were used to appraise the

logical abilities of the children as they began kindergarten, again as

they entered first grade, and finally, as they entered second grade.

The "pre-test" interviews, in kindergarten and first grade, included

only two kinds of tasks. In the "post-test" interviews these same tasks

were repeated and also supplemented by four other kinds of tasks.

Complete interview schedules are found in Appendix A.

Construction of Pre-Test Interview Schedules

The tasks used in the pre-tests were taken directly from two previ-

ous studies. One set dealt with the conservation of number and quantity

(Almy, Chittenden and Miller, 1966). The other set was composed of

class inclusion tasks used in a study by Miller (1966).

Conservation of Number. The first two tasks involved the conserva-

tion of number, patterned after Piaget (1952).

During orientation in Task A the child compares eight yellow cubes

with eleven red ones, and adds yellow cubes to make the rows the same,

then compares the rows with one red removed, one red added, two yellows

removed, two added, and so on. For the experiment, the red blocks are

bunched and the child is asked "What about now?" If no response is

forthcoming, "Are there more red blocks, or more yellow blocks, or are

they the same?"

The yellow blocks are then spread apart, and the above question or

questions are repeated. Finally the child is asked, "Why do you think

so?"

Conceivably, a child might respond differently to the bunching of

the blocks than to the spreading of the blocks, so that the order in

which these were presented might affect the results. However, in a
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small study testing this possibility, no differences were found between

the protocols of children under the "bunched" or "spread" conditions.

In the second part of this experiment, Task B, only the yellow

cubes are used. The child is asked to count them. Then they are spread

and he is asked to indicate how many (without counting). Again they are

bunched and the question "How many?" is repeated.

Conservation of a quantity of Liquid. During orientation in Task C,

the child compares the water in two identical glass tumblers, indicating

when one has more watek: than the other, and filling them to indicate

when the water is "the same."

The experimenter then empties the water from one tumbler into a

shallow glass bowl, asking "What about now?" In the event of no re-

sponse the question is put, "Is there more here, or more here (pointing),

or are they the same?" The final question is "Why do you think so?"

Class Inclusion. These tasks, used in Miller's study (1966), are

based on experiments designed by Piaget (1964) to ascertain children's

understanding of logical classes. In a hierarchy of classes formed on

attribute similarity, the class inclusion relationship is understood

when the child is able to recognize the attributes defining a particular

subclass or superordinate class and also the quantitative superiority of

the superordinate class to any subclass. The classic example of this

type of problem is one in which the child is confronted with a box of

wooden beads, most of them brown, but two of them white. He is then

posed the problem of whether there are more wooden beads or more brown

beads. The pre-operational child is unable to think simultaneously of

the whole class (wooden beads) and the two subclasses (brown beads and

white beads), but he is "well aware that the brown beads are made of

wood and that they therefore form part of the same whole as the white

ones. . . . But when it is a question of envisaging simultaneously the

class of wooden beads and the class of brown beads, i.e., of taking the

point of view of the inclusion, in their extension, of two classes"

(Piaget, 1952, p. 171) difficulties arise. The problem, as Lunzer

(Piaget, 1964) puts it, is that in this kind of task the child must not

only abstract from the objects experienced, but he must also abstract

the criteria of a classification. This involves a "turning round" on

his actions of grouping and regrouping (p. xv).

Varying the materials used in the experiments, the criteria used

for forming the classes and subclasses, and the number of elements in

the classes and subclasses, Inhelder and Piaget (1964) studied exten-

sively the ways children of different ages handle class inclusion prob-

lems (pp. 100-149; 196-216). On the basis of their clinical procedures

they find that for the majority of the children, truly operational solu-

tions appear only after the age of seven.

Both of the science programs in the present study placed consider-

able emphasis on the rudiments of classification, although not on the
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logic of hierarchical classification. If, as Miller's (1966) work sug-

gests, practice in classification facilitates an understanding of class

inclusion, one might expect children, particularly in the science
programs, to excel in class inclusion.

The procedures for each of the four class inclusion tasks are simi-

lar. Each begins with orientation procedures in which the interviewer

ascertains the child's understanding that the objects in the collection

are all alike in some way (that is, the superordinate class is repre-
sented by fruit in Task A; wooden blocks in Task B, metal cars in

Tasks C and D), and also that each of the collections can be grouped in

two separate collections (that is, the subclasses represented by grapes

and bananas in Task A, blue blocks and orange blocks in Task B, blue

cars and red cars in Tasks C and D).

The test questions are of two kinds. In Tasks A and B the ques-

tions pose the child two options--that is, to indicate whether th-

superordinate class or a single subclass is larger. In Tasks C and D

three options are posed: the superordinate class is larger, or the sub-

class is larger, or they are the same. It should belurther noted that

in Tasks A, B and C, the number of objects in the subclasses are unequal,

while in Task D the numbers in the subclasses are equal. In each task

the child is asked for an explanation--"How can you tell?"

Some concern as to the extent to which the ways of posing the ques-

tions may affect the child's understanding of the problem is inevitable.

At the time Miller designed her study (1966), she tested several ver-

sions of questions for each task. Tape recordings of children's re-

sponses to these suggested that when a child appreciated that the issue

confronting him had to do with the relationships between the collection

viewed simultaneously as a totality and as two separate parts, he

responded correctly. For a child lacking such insight the rephrasing of

the question made little if any difference in his response.

Construction of Post-Test Interview Schedules

Both theoretical and practical considerations guided the selection

of the tasks that were included in the post-test interviews.

Review of a considerable portion of the experimental work done by

Piaget and his colleagues and of related replication studies resulted in

the consideration of many tasks and variations. Some of these were dis-

carded without trial while others were tested with a few children and

then discarded. Finally, four kinds of tasks were added to the conser-

vation and class inclusion tasks of the pre-test. The new tasks

involved the conservation of weight, seriation, transitivity of length,

and multiple classification (matrices).

Theoretical Considerations. Since the study raised questions

regarding the age at which a transition from pre-operational to opera-

tional thinking could occur, the post-test tasks needed to provide an
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adequate measure of operational thinking. Or, to put the matter another

way, the tasks selected had to be ones that have been used by Piaget to

demonstrate a shift from egocentric, perceptually dominated, inflexible

thought, to thought that is operational, that is, logical and systematic.

Such thought is "no longer tied to particular states of the object, but

is obliged to follow successive changes with all their possible detours

and reversals; and it no longer issues from a particdlar viewpoint of

the subject, but coordinates all the different viewpoints in a system of

objective reciprocities" (Piaget, 1959, p. 142).

The central position of conservation in Piaget's theory is well

known. lie maintains that "conservation is a necessary condition of all

rational activity" (Piaget, 1952, p. 1) and has devised many tasks to

demonstrate the child's ability to conserve substance, Oantity, number,

weight, and volume. Since the pre-test had included conservation tasks

dealing with number and quantity, the addition to the post-test of

another and presumably more difficult one seemed appropriate. Accord-

ingly, a conservation of weight task was included.

The centrality of the other tasks to Piaget's theory is suggested

by his comment on:

the operational grouping which are constituted at

about seven or eight years of age (sometimes a little

earlier) [Thesej lead to the logical operations

of fitting classes together [class inclusion] . . . .

and of serializing asymmetrical relations. Hence the

discovery of transitivity which permits the deductions:

A mi. B; B C, therefore A C; or A < B, B < C, there-

fore A < C. . . . When a child aged seven has arranged

a series of mannikins in order of size, he will be able

to make a series of sticks or bags correspond to them

and he will be able to identify which element in one

series corresponds to which in another, even when they

are all jumbled (since the multiplicative character of

this grouping adds no difficulty to the additive serial-

izing operations which have just been discovered).

(Piaget, 1959, p. 143)

In addition to testing cognitive processes that are central to

Piaget's theory, the additional tasks selected represented a sufficient

number of operations to provide multiple indices to the level of the

children's thinking. A child who reveals operational thinking In sever-

al different kinds of tasks is obviously more advanced toward the

attainment of concrete operational thinking than one who can success-

fully handle only one or two such tasks.

Piaget's studies are replete with varied tasks designed to reveal

different operations. Piaget's clinical approach allows the interviewer

to probe any suspect answers and so to guard against false conclusions

of either positive or negative kinds. In a large-scale study such as
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the present one, where standard rather than clinical procedures are

necessary, the tasks themselves must be so designed as to guard against

misunderstanding on the part of either the child or the interviewer.

To a considerable extent, the'selection of tasks for the present

study was guided by Smedslund's (1964) specifications for tests of con-

crete reasoning. According to Smedslund:

. . . all situations permitting a diagnosis of the

presence vs. the absence of concrete reasoning have

the following characteristics: the initial events

are perceived by the subject . . . and are then

removed. . . . The initial events have one necessary

conclusion. If the subject arrives at this conclusion,

he is in this situation, capable of concrete reasoning.

If he does not arrive at this conclusion, he is, in

this situation, not capable of concrete reasoning.

(Smedslund, 1964)

Smedslund further specified methodological rules to ensure that the

tasks are not contaminated by irrelevant factors. These together with

certain other practical considerations further directed the selection of

the tasks used in this study.

Practical Considerations. Smedsluad's caveats can be subsumed under

the major consideration "evidence that a task works." Accordingly, with

the exception of the matrices, no tasks were chosen that had not been

used, in relatively comparable form, by researchers other than Piaget.

The work of these researchers provided evidence not only regarding

the probable ease of administration of tasks, and of their scoring, but

also of the age at which they were discriminating. Assuming that the

children to be interviewed would be seven-year-olds, all of the tasks

included had to show a spread in performance at that age. This criter-

ion was particularly important in view of the possibility that the

experimental groups might be advanced for their age.

Information from other research also provided some indication of

the extent to which the tasks might provide reliable evidence regarding

the children's operational abilities. In addition, all the tasks to be

included were repeated within a two-week period with enough children so

as to provide further information on the question of reliability.

A final practical consideration was that the tasks chosen should

have some relevance to the experimental curricula, although the tasks

themselves should not be ones in which the children had been instructed.

Ease of administration became an extremely important criterion in

view of the fact that approximately 700 children were to be interviewed,

sometimes in rather cramped quarters, by interviewers who varied some-

what in the amount of prior interviewing experience they had had. Some
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tasks had to be modified from their original forms, and recording pro-
cedures simplified in order not to place an undue burden on the inter-
viewers.

All of the tasks were presented in a standard order, beginning with
the pre-test conservation and class inclusion items, and continuing with
seriation, transitivity of length, matrices and conservation of weight.
This order permitted something of an alternation between tasks in which
the child was given relatively little opportunity to handle materials,
and those in which he had more freedom. Occasional opportunities for
the child to gather up used materials gave the interviewer time to
arrange the next task. The transitivity of length task provided a break
in the interview time and an opportunity for the child to walk to the
opposite side of the table.

Some appreciation of the importance of standardization, not only
for the order of presentation of the post-test tasks, but also for the
arrangement of the materials, whether in or out of use, can be gained
from the fact that the "kit" for the materials was a box 36" x 14" x 6".

Serial Ordering. The procedures for these tasks were derived
fairly directly from Piaget's investigation of "seriation, qualitative
similarity and ordinal correspondence" (PiLaget, 1952, pp. 96-121).

Dodwell included somewhat similar tasks in an early study (1960,
pp. 191-205). he presented dolls and canes of graded sizes to the child.
After eight dolls had been arranged in order from the smallest to the
largest, and the appropriate canes given to the two smallest dolls, the
child was asked to arrange the remaining canes so that each doll would
have the cane which belonged to him. Then the dolls were spread apart
and the child was asked to indicate the dolls to which certain specified
canes belonged. He was then asked to explain his selection. Dodwell

found no consistent age trends.

Hood (1962, pp. 273-286), using drawings of ten boys differing in
size and a complementary set of ten hoops, required the child to put
each set into serial order and then to make the two sets correspond.
She found this to be one of the most difficult of the tasks related to
the concept of number. At age seven only 6 percent of her normal sub-
jects had reached the level of operational thought that enabled them to
solve this problem of seriation. Of the eight year olds, 34 percent,
and of the nine year olds, 75 percent, were at this level.

In the present study, as in the Hood study, pictures rather than
objects were used. The initial tasks corresponded to those used by Hood.
However, these tasks were posed with two different sets of pictures, and

in addition, questions relating to the child's understanding of ordina-
tion, and his ability to maintain relationships after the visual corres-
pondence was destroyed by scrambling, were included.
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The tasks closely resembled those described by Piaget (1952a,

pp. 97-98). A standardized rather than a clinical procedure was

followed, and pictures rather than objects were used.

The materials for the task consisted of two sets of ten diazo cards,

5" x 2 1/2" in size, with pictures of monkeys and balloons, and two sets

of 7" x 2" cards with pictures of knives and forks. The first picture

of the largest monkey was four inches in height. Each of the remaining

nine pictures was successively scaled down in size so that the smallest

monkey was one inch in height. The pictures of balloons were similarly

scaled from four inches to one inch. The knives were scaled from 6 1/2"

to 2" and the forks from 5 1/2" to 1 3/4".

Three kinds of problems were posed with these materials: arranging

the cards in corresponding series from smallest to biggest; identifying

ordinal positions; and reordering a series after the order had been

broken: All of the cards were coded so that the interviewer could read-

ily record the children's responses and reassemble the cards correctly.

In the first of the seriation tasks with cards showing monkeys and

balloons, the interviewer placed the two smallest and two largest

monkeys about 20 inches apart, asking the child to arrange the remaining

six cards in order from the smaller to the bigger. If the child did

this correctly, he proceeded directly to the second seriation task. If

the order was incorrect, the interviewer made the neceosary rearrange-

ment, commenting on the sizes of the monkeys (this one is just a little

bigger, etc.) as he did so. In the second task the interviewer placed

the biggest and smallest balloons above the biggest and smallest monkeys,

and asked the child to arrange the rest (eight cards) so that each

monkey would have the right sized balloon. Incorrect orders were rear-

ranged by the interviewer.

For the ordination task, the interviewer pushed the row of monkeys

together and spread the row of balloons, then asked the child to iden-

tify the correct balloon for each of three pre -specified monkeys.

Finally, in the reordering task, leaving the series of monkeys intact,

the interviewer scrambled the balloons and asked the child to identify

a fourth monkey's balloon.

The procedures with the knives and forks were similar except that

the interviewer ordered two series and put them into correspondence him-

self. He then displaced the correspondence,
moving the top series to

the left to pose the ordination problem. The child was asked to locate

the correct fork for three different knives, and was also asked to

explain his procedure. Finally, for the reordering tasks, the kaives

were scrambled and the child asked to locate the correct knife for a

specific fork.

The interviewer recorded the cards chosen, the method used in

reordering, and the explanation given.
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Transitivity Tasks. The ability to understand transitivity (A > B;

B > C : A > C), that is, to grasp the relationship between A and C with-

out the necessity for directly comparing them may, of course, be re-

vealed in tasks involving a wide variety of materials and different

attributes. Such understanding is an essential element in measurement.

In The Child's Conception of Geometry (Piaget, Inhelder, and Szeminska,

1960, pp. 123-128), Piaget poses the problem of transitivity of length

by asking children to build on a low table a tower of blocks equal in

height to one built on a higher table by the experimenter. Sticks of

various lengths are available for the child's use, but according to

Piaget's findings, are not used adequately before the age of seven or

eight years. Braine (1959) using non-verbal methods challenged Piaget's

age norms since, in his sample, 50 percent of the children between four

years, two months and five years, five months appeared to grasp transi-

tivity. Smedslund (1963) in turn questions Braine's methods, pointing

out the possibility that the children were giving "correct" responses on

the basis or non-transitive responses. Smedslund designed a new test of

transitivity, as applied to length, administered it to 107 children

between the ages of four and ten years and concluded that the average

age of acquisition of transitivity of length probably lies near eight

years.

Smedslund's procedures were incorporated in Tuddenham's (1968)

attempt to develop a scale of intelligence based on Piaget's theory of

cognitive development. He found that about 20 percent of second graders,

40 percent of third grade boys and 20 percent of third grade girls had

the concept.

In the present study, Tuddenham's procedures were used with very

few modifications.

In all of these studies, transitivity is investigated in situations

in which the child who follows the perceptual cues cannot maintain the

concept of transitivity. The child is asked to compare three sticks.

The longest stick, A, has lines subtending at each end to make it look

shorter, as in the Willer-Lyer illusion. Similarly, the shortest stick,

C, has lines extending at each end to make it look longer. The third

stick, B, used as a measuring stick, is longer than C and shorter than A.

The operational child deduces from this relationship that A is longer

than C, but the child who is dependent on perceptual cues maintains that

A is shorter than C.

The sticks and their V-shaped figures were glued to white oilcloth

sheets to aid the interviewer in presenting identical stimuli to each

child. A practice session was designed to familiarize the child with

the illusion. (One child designated the phenomenon as an "obstacle

illusion, ") The sticks used were as follows:
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Stick A V-Figures Stick C V-Figures Stick B

Practice 1 14" Extending 10" Subtending

Practice 2 12" Subtending 9 7/8" Extending

Test 1 10 1/8" Subtending 9 7/8" Extending

Test 2 9 7/8" Extending 10 1/8" Subtending

Test 3 12 1/8" Subtending 11 7/8" Extending

Test 4 11 7/8" Extending 12 1/8" Subtending

10"

10"

12"

12"

All A and C sticks and corresponding V-figures were black, while the

B measuring sticks were light blue. Two cloths were used for the pre-

sentation of practice 1 and practice 2, and two additional cloths for

the four test items. After test 1, the first of these was reversed for

test 2, and after test 3 the second was reversed for test 4.

In the practice session the interviewer assisted any child who did

not correctly respond to the question "Which of these two sticks is

longer?" by measuring the shorter stick with his fingers showing him

that "it only comes up to here" on the other stick.

In the test sessions the interviewer placed the measuring stick B

against stick A, pointing out that the ends of the stick nearest him

coincided but that there was a difference in the ends nearest the child.

He then asked the child to indicate which stick was longer, the blue or

the black. The measuring stick was then moved against stick C and the

question repeated. Finally the interviewer asked "Which of the black

sticks is longer?" and, "How can you tell?" This procedure was repeated

for each of the three remaining tests.

Matrix Tasks. The matrix tasks deal with what Piaget terms multi-

plicative classification. For example, a collection of circles and

squares, some red, some blue, some small, and some large, can be classi-

fied on the basis of color or form. Multiplicative classification in-

volves the simultaneous classification of each element in the collection

according to both criteria, and may be symbolized by a matrix. In this

example, the collection is arranged so that the rows are classified

according to color, and the columns according to form. A red square is

at once located in the row of red elements and the column of square

elements.

The correct placement of a particular element in a matrix can, in

such an example, be arrived at in either of two ways. The perceptual

solution is to "extend the graphic properties by following the vertical

and horizontal symmetries in the matrix arrangement" (Inhelder and

Piaget, 1964, p. 153). The conceptual solution involves reasoning in

terms of classes.

36



In their initial studies Inhelder and Piaget (1964) used 14 matri-

ces each containing four or six pictured objects. These were grouped

according to shape, color, size, number or orientation (in the case of

animals whose heads were turned to the right or left). All but two of

these tests were answered correctly by 75 percent of the eight to nine

year olds (pp. 154-155). However, for those items involving three

attributes, four to five year olds,did about as well as the eight to

nine year olds, while the six to seven year olds were far worse. Clin-

ical inquiry suggested that the younger children were using perceptual

or graphic solutions, while the older ones were struggling to handle the

problems more conceptually. To check these results Inhelder and Piaget

devised a more standardized series of tests. These are the ones used in

the present study. It should be noted that while Inhelder and Piaget's

results with this series indicated that "Operational solutions increase

steadily with age while graphic solutions decrease after the age of six"

(p. 164), there is no fully satisfactory way to determine which solution

the child may he using. Despite this known limitation in the use of the

matrices, two considerations supported their use in the present study.

First, the inclusion of a classification measure less difficult than the

class inclusion tasks seemed essential in view of the emphasis on sort-

ing and grouping in the various curricula. Second, the matrices are

interesting to second graders, are relatively easily administered, and

at this age level provide a good spread in scores.

The pictures for the matrices were copied from those presented by

Inhelder and Piaget (1964, pp. 160-161). There were eight test matrices

and one practice matrix.. Fot the present study an additional practice

matrix was constructed. Four of the matrices had four cells, one of

which was empty. Four of the matrices had six cells, with one empty.

Each matrix was presented on a 5" by 5" card. Each of the pictured ob-

jects, from which the one to fill the empty cell was to be chosen, was

presented on a 2 1/2" by 2 1/2" card. The number of these choice cards

for each matrix varied from four (for the initial practice tasks) to

eight. The matrices were presented to each child in the same order, as

were the choice cards. (The position of the correct choice, and of the

various distractors had been predetermined by randomization.)

In the procedure used by Piaget and Inhelder (1964, p. 159) the

multiple choices were presented one by one and the child allowed to try

each of them in the empty cell. In the present study, this procedure

was followed for the initial practice matrix, but modified in the suc-

ceeding practice matrix and the test matrices. The modification con-

sisted in showing the child each of the choice cards, one by one, asking

him to look at them carefully and think about "Which one is the correct

one." Then the choice cards were re-shown, one by one, and the child

asked to indicate by "yes" or "no," whether each, in turn, was the one

that "goes best with the others." This procedure was intended to guard

against an impulsive choice, and was also an attempt to elicit a concep-

tual rather than a perceptual approach. After the child had indicated

"yes" or "no" for each one, the interviewer returned to the child's

selection for "yes," and asked "How can you tell that is the best
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one?"--recording the attributes mentioned. In instances where children

selected one card, and in the process of justifying their choice,

changed their selection, the change as well as the original selection

was recorded.

Conservation of Weight. The conservation of weight task repre-

sented an extension of the other kinds of conservation items. In

Le Develp_ppement desquantites chez l'enfant (1941), Inhelder and Piaget

report that the conservation of weight is achieved subsequent to the

conservation of substance, and typically not before the age of ten.

A replication study by Elkind (1961) confirmed both the sequence

and the ages of acquisition. Studies by Smedslund (1961) and Chittenden

(1964) confirmed the general trends but suggested that the difference in

difficulty of the two tasks is not very great. In any case, the conser-

vation of weight seemed an appropriate addition.

Consideration was given to the possibility of including a conserva-

tion of substance task, to contrast with the task involving conservation

of a quantity of liquid; but this idea was excluded when the length of

the interview became apparent.

The procedures used in the conservation of weight task were based

on those of Chittenden (1964), except that the use of a balance scale

was eliminated. In view of the number of children to be interviewed in

diverse settings, it did not seem feasible to add a piece of equipment

that in the previous more leisurely study had sometimes been the source

of various kinds of difficulty. The equivalence of weights of two balls

of Play-Doh was established in a series of "hefting" procedures. The

child lifted in his hand in turn a standard ball and four comparison

balls, one of which was equivalent in both size and weight to the stan-

dard. The other comparison balls had been weighted with lead curtain

weights so that the smallest in quantity and diameter was the heaviest,

and the largest, the lightest. This procedure was intended to focus the

child's attention on weight as contrasted with quantity. The standard

ball of Play -Doti (blue) and its equivalent (red) weighed three ounces

and was 2" in diameter. The weight and diameters of the other red com-

parison balls were 2 1/2 ounces plus two weights, 1 3/4"; 1 1/2 ounces

plus four weights, 1 1/2", and 3/4 ounces plus six weights, 1 1/4"

respectively.

The interviewer began this section of the interview by placing the

blue ball in front of the child, and the four red balls in front of him-

self. He then asked the child to find the red ball that weighed the

same as the blue, taking the blue ball in one hand, and then trying each

of the others. The response of the child who immediately chose the

right ball was confirmed as correct but he was also asked to try each of

the others to "make sure." However, if his choice was incorrect, the

interviewer indicated to the child that his choice was "pretty good" but

that it was heavier (or lighter) than the correct choice. The inter-

viewer then indicated the correct choice, making sure the child agreed.
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After the child had accepted the equality of the two unweighted balls,
the weighted balls were put out of sight and the inquiry proceeded with
the two equivalent balls. In the test items that followed, the red
Play-Doh was elongated on the first two test items while the comparison
blue Play-Doh remained unchanged until the final test item, when it was
broken into three pieces. The standard question for the elongations was
"Does mine weigh as much as yours, or does one of them weigh more?", and
for the broken pieces, "Do these pieces all together weigh more, less,
the same as that piece?" In each instance an additional question was
allowed if the child did not answer or appeared not to understand "Is
the blue Play-Doh heavier, the red Play-Doh heavier, or do they weigh
the same?" In each instance a justification question, "How can you
tell?" was also asked.

Reliability

The usual problems surrounding the testing of young children whose
responses are extremely erratic are compounded when the investigator
attempts to combine Piagetian tasks and standardized procedures. Since
standardization prohibits probing of suspect answers, there is always
the possibility of the "false positive" where the child is credited with
thinking on an operational level when, in fact, his answer misleadingly
reflects that level of understanding. Perhaps less probable, but still
not unlikely, is the "false negative" where the child responds as though
he did not understand because he does not grasp the intent of the inter-
viewer soon enough and is not given further opportunity to demonstrate
his understanding.

Increasing the number of tasks should increase the probability of
getting a more adequate demonstration of the child's abilities, but may
also lead to fatigue, and in the case of many children, a wariness or
even withdrawal. The "how can you tell" and more especially, "why do
you think so" questions that are intended to elicit further thought, may
be interpreted by the child as evidence of his error and tempt him to
change his original response.

Assuming that the number of tasks given the child is adequate to
sample his typical ways of thinking about a certain kind of problem,
what is the likelihood that he will -.respond in the same way if the in-
terview is repeated? If his responses the first time can, without any
equivocation, clearly be classed as. operational, this level should be
sustained over repeated interviews. If he is clearly pre-operational
and the next interview occurs within a short time, his responses should
remain at the same level. However, allowance must be made for the pos-
sibility that his initial responses represent impetuous behavior and
that learning and maturation may intervene to change them. The case of
the child whom Piaget would term "transitional" is even less predictable,
for he may vacillate in his responses until the new level is firmly
established.
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The relative stability over short periods of children's prfor-
mances to the conservation and class inclusion tasks was established in
earlier studies. No significant differences in conservation performance
were found when first graders were re-interviewed after a two week
period (Almy, Chittenden and Miller, 1966, p. 57). Miller (1966) found
no improvement in class inclusion performance among either kindergarten
or second grade children who were re-interviewed after a six to eight
week interval.

For tae present study, an attempt to assess the reliability of the
post-test measures was combined with the training of the interviewers.
Before the interviewers were permitted to interview any of the children
serving as subjects in the study, they had to demonstrate their compe-
tence with a child who was not included. For all of the tasks, except
transitivity, 21 children were interviewed twice, within a two week in-
terval. Twenty-three children repeated the transitivity tasks. The
interviewer for the first presentation was not the same as for the
second. Considering this shift, and the fact that the interviewers were
not as skillful as they were to become, stability of performance from
one interview to the next, when it occurred, can probably be regarded as
genuine.

Because the number of children is small, and the tasks vary in com-
plexity, the comparisons of performance from one testing to another are,
in most instances, based on the extent to which the responses are in
agreement at the two testings rather than on the correlation between
scores,.

Serial Ordering Tasks. Since these tasks were scored according to
a formula that took into account the extent of the error the child made,
a comparison of scores was necessary. The extent of the differences in
the seriation and ordination tasks is apparent in the following summary:

Differences in
Test-Retest Scores

Seriation

Number Number
...af Children of Children

First Task Second Task

0 15 11

1 6 7

2 0 2

Ordination

0 14 17

4 3

2 2 1

3 1 0

In response to the question, "How did you do these [ordinations]?"
21 children gave the same response in both testings.
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Reorderinj after Scrambling. These are the most difficult of the

serial ordering tasks. Twelve of 21 children gave the same response in

both testings for the first of these tasks. Fourteen children gave the

same response on the second task.

Transitivity Tasks. In these tasks the children's answers and

explanations were categorized on the basis of their quality. The extent

of agreement from the first to the second testing is indicated below:

Task No. of Children No. of Agreements

A 23 20

B 23 18

C 23 18

D 23 19

On the basis of the overall category to which their responses on

the four tasks were assigned, 22 out of 23 children were in exact

agreement.

Conservation of Weight. As in the transitivity tasks, answers and

explanations on the conservation of weight tasks were categorized sepa-

rately, and theeplaced in an overall category. The agreement on indi-

vidtial tasks is shown below:

Task

Answer

No. of Children

21

No. of Agreements

18

A
Explanation 21 15

Answer 21 19

B

Explanation 21 18

Answer 21 18

C
Explanation 21 12

On the basis of the overall category, 19 of 21 children were in

exact agreement.

Matrix Tasks. Since these tasks produced a range of scores (6 to

20), a Pearson Product moment correlation coefficient between test and

re-test scores of 21 children was calculated. It was .76.

Measure of Verbal Ability

Since previous studies (Almy, Chittenden and Miller, 1966) have

shown an association between performance in Piaget-derived tasks and

mental maturity, and since the ability to understand verbal directions

is clearly a requisite for coping with such tasks, some measure of

verbal ability seemed essential. The Peabody Picture Vocabulary Test

(1965) was chosen for its ease of administration and interest for kin-

dergarten children. It appraises the child's auditory comprehension

vocabulary, rather than his expressive vocabulary.
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The format of the test is simple. The examiner shows the child

each of a series of plates mounted in a test book. Each of the plates

is divided into four sections. Each section contains a line drawing of

an object or an activity. The examiner pronounces a word and the child

indicates which of the drawings depicts the word. The plates are

arranged in an ascending order of difficulty. After going through some

practice items, the examiner begins at a point appropriate to the child's

age, and works backward until a "basal" level (eight correct responses)

is establiShed, and then forward to a "ceiling" (six errors in eight

consecutive items). The score is number right (including all below the

basal) minus the number wrong. Tables are provided for conversion of

the score to mental age, I.Q., or percentile rank. Test standardization

was based on 4,012 children (316 in the three year range covered in the

present study). I.Q.'s are based on standard scores for each age level.

The reported alternate form reliability coefficient for age five is

.73, age six .67 and age seven .74.

It should be noted that although the manual reports substantial

correlations with other measures of intelligence, such as the Stanford

Binet and the Wechsler Intelligence Scale for Children, the populations

rarely in ,luded a wide range of five, six, and seven year olds. Studies

correlati;Lg PPVT scores with school achievement have not been extensive,

nor have they included many children, other than those with mental handi-

caps, in the five to seven year range. However, the author of the test

(Dunn, 1965) suggests that "apparently one can do about, but not quite

as well estimating school achievement from PPVT scores as from Binet and

Wechsler scores" (p. 41).

In the present study, the PPVT was used as one means of differenti-

ating the level of ability of the children in the various programs at

the beginning of the study. It was administered in kindergarten to

those children whose instructional programs began in kindergarten, and

in first grade to those children whose instructional programs began in

first grade.

The Interviewing

All of the interviewing was done in the fall of the year. The

intent was to complete it before the children began the special programs

of instruction. The number of children to be interviewed, and the fact

that few schools had space for working with more than two children at a

time, made realization of this intent difficult. However, with the

exception of the classes having no prescribed lessons where in the first

year of the study interviewing did not get under way until November, the

interviewing was nearly completed in the first two months of the school

year.

The Interviews

Most of the interviewers were graduate students in psychology, with

some, but not extensive, experience in either interviewing or working

with young children. Each worked two or three days a week. Four of the
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interviewers were not students but had had previous graduate work. The

first year there were 17 interviewers, the other two years, 18 inter- -

viewers. Seven individuals served as interviewers for two years, two

for three years.

Training of the Interviewers

Piaget (1961, p. 8) in describing his own clinical method of inter-

viewing states that "a year of daily practice is necessary before pass-

ing beyond the inevitable fumbling state of the beginner." With stan-

dardized procedures, the fumbling stage is not so extended but is none-

theless inevitable. Just as in the individual intelligence testing of

young children, rapport must be established; materials Of which there

are many, must be presented in a prescribed fashion; the interviewer

must be prepared for the unexpected answer and alert to those instances

where the procedure allows or does not allow for a probing question;

finally, the child's responses must be recorded systematically.

To facilitate the training of the interviewers in the present study,

eight millimeter cartridge films showing the correct administration of

each section of the interview were produced. A detailed descriptive

guide keyed to the film enabled the viewer to pace the interviewer's

manipulations of the materials with the proper verbal instructions and

questions to the child. Interviewers-in-training first reviewed the

interview schedule and discussed the purpose for each of the tasks with

the senior investigator, or with her research associate. Then after

viewing the films, the interviewers rehearsed the procedures with a

partner until they felt ready to attempt them with children. Following

one or more trial interviews with children not involved in the study,

some interviewers returned for further rehearsal, others moved directly

to an interview which was observed by a senior staff member. No inter-

viewer was permitted to interview a child in the study until he had

satisfactorily completed at least one, and in many instances, two train-

ing interviews with children who were not involved in the study.

Administration of the Interviews

After the classes to be included in the study had been selected and

the teachers and the parents informed about it, lists of names and birth

dates were prepared. Arrangements were made so that not more than half

the boys and half the girls in each class were tested by a single inter-

viewer. The children were interviewed in whatever space was available

outside their classroom, such as a nearby hall, a vacant office, a large

supply closet or nurse's room. In one California school, the kinder-

garten children had to be taken from their classrooms in a temporary

building across a street to the main building.

At the first interview, usually lasting for 20 to 30 minutes, the

Peabody Picture Vocabulary Test was administered first, and followed by

the other tasks. At the kindergarten level, when some children seemed

fatigued, the interviews were sometimes given in two sittings. To pro-

vide a break between the conservation and class inclusion tasks, all the
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kindergarten children were asked to stand up and show how they could pat

their heads and rub their stomachs. The interviews concluded with tasks

that were varied from one child to another, such as reciting a nursery

rhyme, or repeating digits, in order to avoid possible classroom discus-

sion of the Piaget tasks.

The post-test interviews at the beginning of the second grade took

about 45 minutes. The conservation and class inclusion tasks, which the

children had done before, were presented first, and succeeded by the

seriation, transitivity, matrices, and conservation of weight tasks, in

that order, Relatively few of the second graders seemed to find the

interview unduly fatiguing.

Scoring and Cateprization of the Data

Experience in a previous study (Almy, Chittenden and Miller, 1966)

dictated many of the precautions taken in the present study to insure

adequate recording and correct categorization of the children's

responses.

While not all of the tasks included in the post-test interview pre-

sented exactly the same problems as did the conservation tasks of the

previous study (Almy, et al., 1966), the general approach to categoriz-

ing and scoring was quite similar. Each set of tasks (except seriation)

included orientation or practice that enabled the interviewer to ascer-

tain whether the child's attention was appropriately focused and whether

he appeared to understand the questions. Wherever possible his re-

sponses were categorized on a check list as they occurred, but, in many

instances, they had to be recorded verbatim. If the procedure provided

for a probe question, it was also recorded.

Because the questions were standardized, and relatively little

probing was included, responses had to be taken at face value. The

general procedure for each task consisted of categorizing each of the

responses in a particular task and then recategorizing the performance

for the total task on the basis of the patterns formed by the separate

responses. The categorization scheme that evolved for each set of tasks

was first applied to the protocols obtained in the test-retest reliabil-

ity study. It represented the collaboration of staff members who were

familiar with Piaget's theory, who had considerable experience in inter-

viewing. Only minor modifications were made in applying the scheme to

the protocols in the main study.

Each categorization scheme attempted to differentiate responses

that provided clear evidence of operational thinking from those that

were clearly non-operational or ambiguous. It also attempted to distin-

guish responses that were spontaneous from those that were given in re-

sponse to a probe question. On this basis the evidence for a set of

tasks could then be categorized as clearly indicative of operational

thought; clearly indicative of thought that is not operational; and in-

sufficient. As can be seen in the detailed description of the catego-

ries, finer distinctions can be drawn for some tasks. However, in the
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present study most of the analyses dealt only with the children whose

responses are clearly operatieual as contrasted with all others.

Conservation of Number and Liquid

Each of the three conservation tasks was categorized independently

but the procedure for each was lasically similar. It consisted of

weighing the evidence for or against conservation in the child's re-

sponse to each opportunity presented in a particular task. (The initial

task presented three such opportunities; the second, two, and the final

task, two.) This evidence was accordingly classified in one of four

categories: clearly indicative of conservation; uncertain, that is

apparently indicating conservation but based on responses that could be

inspired by clues in the questioning; clearly indicative of non-

conservation; or evidence lacking. After the evidence for each of the

opportunities to conserve had been so classified, the evidence for the

total task was weighed and the total performance on that task classified

in one of five categories. These categories were: clear evidence of

conservation; probable evidence of conservation; uncertain evidence of

conservation (a category to include the performance of a child for whom

there is evidence of both conserving and not conserving, a child whose

performance on this task might go either way if more evidence were

available); clear evidence of non-conservation; insufficient evidence

regarding conservation (a category for the child who says he does not

know, gives no response, or uses gestures).

For the analyses of the present study, the five-fold categorization

for each task was collapsed and each task scored 0 if the evidence for

conservation was classified as uncertain, or clearly in favor of non-

conservation, or insufficient. If the evidence for the task had been

categorized as clear or probable, the task was scored 1. The possible

range of scores for the three tasks was 0 to 3.

Class Inclusion

Each of these four tasks required an answer and an explanation.

These two parts were examined as a unit. In a correct answer, the child

indicated that there were more objects in the superordinate class than

in either sub-class. A correct explanation focused upon the defining

attributes of the superordinate class or indicated the total number of

objects in it. A correct solution of the task required both a correct

answer ^nd a correct explanation. The incorrect solutions were also

categorized to indicate whether the child recognized the defining attri-

butes of the superordinate class, although he did not verbalize its

quantitative superiority, focused his attention on the quantitative re-

lationship between the sub-classes, or gave ambiguous responses. In the

analyses of the present study, each class inclusion task received a

score of 1 for a completely correct solution. All other solutions were

scored 0. The range of scores for the four tasks was 0 to 4.
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Serial Ordering Tasks

Since the cards the child used in these tasks had been coded with

letters, the interviewer had only to record on the protocol the identi-

fying letters for the child's ordering or selection in each task. These

were then scored right or wrong. The interviewer also categorized the

child's explanation as ordination, one-to-one correspondence, or other.

The categorization of the explanations was not used in the major

analyses of the data.

Seriation. For each of the two seriation tasks, the child's order-

ing of the items was recorded and then compared with the correct order-

ing. The sum of squares of the differences between his ranking and the

correct ones was obtained and then converted into a corrected score on

the basis of the formula, Score = (Number of things ranked) S ri

(Stanley, 1964, p. 380). For task A, the possible range of scores was

0-12. The range for task B was 0-18.

Ordination. Each of the three ordination items was scored 0 or 1.

The possible range of scores was 0-6.

Reordering. The child's rearrangement of each series of cards

after they had been scrambled by the interviewer was scored 1 if correct,

0 if there were errors. The possible range of scores was 0-2.

Transitivity_ Tasks

Each of the four tasks required an answer and an explanation. Each

answer was scored 0 if incorrect, 1 if correct. The explanations were

scored correct if the child included both sides of the statement,

A B>C:A> C. After the answers and explanations for each task

were separately scored, they were categorized 3 for a correct answer and

explanation; 2 for a correct answer and partially correct or incorrect

or missing explanation; 1 for a correct explanation and incorrect answer;

and 0 for incorrect answer and incorrect explanation.

It should be noted that in these tasks the child was asked to

justify each answer, that is to make the same explanation four times.

As the interviewing proceeded, it became clear that children who re-

sponded correctly and fully in one task often evaded further explanation.

Accordingly, after the distribution of responses had been examined, it

was decided to assign the four transitivity tasks an overall score of 1

if none of the four tasks was categorized less than 2 and if there was

at least one at the category 3 level. All other combinations were

scored O. The possible range of scores was 0-1.

Matrix Tasks

For each of the eight test items, the card chosen by the child was

scored according to the number of attributes (shape, color, direction)

correct on any one item,.
The first four items involved two attributes,
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a continuous structure and not as a basis for the
development of other concepts; each idea is presented

in such a way that it will not have to be unlearned

at a later date. (1962, p. 7)

Manuals giving detailed instructions for teaching mathematics are

provided. A one-page introduction precedes 78 pages of 45 lessons for

use in the kindergarten. Similarly, a one-page introduction precedes

250 pages of 129 lessons for first grade. For kindergarten 80 work

pages are provided, and for first grade, 332 work pages.

In the introduction to the kindergarten manual, the teacher's re-

sponsibility is considered to be that of keeping the child's natural

curiosity alive, encouraging him "to examine his environment critically

in search of new patterns and new ideas," and helping him to "find

relationships among these ideas." The author holds the general view

that the area of arithmetic provides the teacher with "her greatest

chance to help the child begin to develop his powers of reason."

According to the manual, the GCMP works toward this goal. "The

importance of patterns and relationships is stressed as the child moves

from concrete experiences to abstract ideas and as he applies these

ideas to new situations. Basic mathematical concepts are developed,

then tested and extended again and again. Continuity and creativity

are stressed throughout the program."

Each lesson includes a statement of specific objectives, such as

"To help children to develop a technique for demonstrating the fact that

two sets are equivalent"; a section entitled "Fundamentals," offering

suggestions to help the teacher conceptualize her activity in teaching

math4matics to children; a section entitled "Readiness for Understand-

ing," stating what is needed on the part of the children, such as

"Ability to listen and follow directions."

"Developmental experiences" include a list of the materials needed

for the lesson, a list of words to be learned, and specific activities

to be carried out with the children. In addition, instructions are

given for the use of the work pages. A final section entitled "Supple-

mental experiences" provides additional activities.

GCMP is as detailed and specific in the material it provides for

teachers as AAAS. This may be seen, for example, in a GCMP kindergarten

lesson entitled "Numbers and Numerals, Five - 5," in which one of the

objectives is "To provide practice in recognizing sets containing five

objects."

Tell the children to listen as you clap your hands.

Say that they must be ready to tell how many claps

they hear. Start with three claps. Co on to five

claps, four claps, and two claps. Have the children

take turns clapping and choosing another child to

give the number. (p. 34)
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Six other activities are provided, including directions for the use of

the appropriate work pages. As "Supplemental experiences," five addi-

tional activities are described.

Concerning the subject matter taught by GCMP, the first few lessons

for kindergarten are concerned with shape, size, and pattern, without

introducing concepts pertaining directly to number. With the exception

of these lessons, all the others in both kindergarten and first grade

are concerned directly with concepts of number. Chief topics include

sets and their relations, counting, addition, subtract:Lon, place value,

fractions, and measurement (linear, time, liquid, money value). The

special vocabulary for kindergarten and first grade included 195 words.

Of the cognitive processes required by GCMP in kindergarten and

first grade together, the count in the present analysis shows that

approximately 70 percent are concerned with number, 20 percent with the

logic of classes, and 3 percent with the logic of relations (non-

numerical ordering). Only 7 percent seem to push the child in the

direction of thinking about his thought processes.

Approximately one-third of the required responses give children the

opportunity for direct manipulation of physical objects.

Teacher-Planned Lessons

The teachers at Garden City were provided with two mimeographed

curriculum guides, one for science, the other for mathematics in the

elementary grades. Both had been compiled by local educatocs.

In the science manual, charts are provided organizing nine differ-

ent areas of the sciences into aspects that would be appropriate at dif-

ferent grade levels, kindergarten through sixth grade. The nine areas

include: living things; keeping healthy; using electricity; lifting and

moving things; using heat, light and sound; common chemical and physical

changes; the atmosphere; the earth; and earth and space. A brief pre-

liminary statement indicates that these areas are aspects of the larger

concepts of space, time, change, interrelatedness, variety, and

adaptation.

Thirty-four pages of the manual are devoted to kindergarten and

first grade combined.

For each of the nine areas, an outline first presents simple con-

cepts or facts to be taught, followed by suggeste4 general activities.

The outline includes a variety of questicns, and activities for school,

home, and field trips. In the first lesson, for example, on "living

things," one of the facts to be taught is that "Animals live in many

places." Thirteen different activities arc suggested as relevant to

this fact: e.g., "Collect pictures of pets at home, pets on farm,

jungle animals, pond animals. Are they wild or tame? Briefly show map

of country to indicate where certain animals are found." Another recom-

mendation is, "Visit a farm. Discuss types of animals and what they
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the last four involved three. On the first four a choice might earn the

child a score of 0, 1, 2 or 3. The possible range of scores was 0-20.

Since the procedure permitted the child to change his mind, he was

given a separate score indicating the total score after such changes.

Thus the changed scores could range from 0 to 20.

The highest number of attributes on any one item was also scored.

The possible range of scores was 0-3.

Conservation of Weilelt

This task had three separate items, each consisting of an answer
categorized for evidence of conservation, and an explanation similarly

categorized. The system used corresponded to that in the earlier con-

servation tasks. The combinations of answers and explanations in all

three tasks were then categorized, taking into account the !Let that

the explanations were demanded three times. In the overall score the

child received a 1 if all of his answers were correct, and if at least

one of his explanations provided clear evidence of conservation, and

none was uncertain, clearly non-conserving or lacking in evidence. The

possible range of scores was 0-1.

Reliability of ScoIlaaARdCatcgorization

The data for each of the three years of the study were scored and

categorized in the same year they were gathered. For successive samples

of 30 protocols the agreement between two coders ranged from 95 percent

to 96 percent on conservation, and from 91 percent to 95 percent on

class inclusion. For conservation of weight in the post-test, two

coders were in agreement on 96 percent of the items. The coding and

scoring for the remainder of the post-test items was so explicit that

two coders could agree on 100 percent of the items.
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CHAPTER

1
THE PROGRAMS

One of the subsidiary objectives of this study was the examination

of the content of the programs of instruction. Since this analysis pro-

vides the reader a framework against which he can view the major results

of the study, it precedes the chapters dealing with such findings. In

the present chapter, the programs of instruction are described, and

their content is analyzed.

Bases of Content Analysis

The content of the special programs considered in the present study,

namely AAAS, SCIS, and GCMP, was examined in three ways. The teacher's

manuals provided for each program were analyzed in terms of (1) the

information taught in each program, (2) the cognitive processes presum-
ably required of the children in the various prescribed activities, and

(3) the extent to which each program required direct manipulation of

objects by the children. The fourth program, devised by educators in

Garden City as a general guide in the local schools, provided very few

specific directives to the teachers. Therefore, a comparable content

analysis could not be made for the Garden City program except in the

area of general information. No analysis was made for the mathematics

program in Englewood since it was derived from several sources including

the Greater Cleveland Mathematics Program, and varied from class to

class.

Information

The content of the special programs was analyzed in terms of the

subject matter, or information, that was prescribed in each of the

manuals. The subject matter was categorized according to whether it was

concerned with physical objects and their properties or with concepts

dealing with number. The kinds of m-aasuroment taught were also itemized.

In addition, the programs were analyzed in terms of the number of

special words recommended for teaching to the children.

Cognitive Processes

In order to examine the cognitive processes required of the chil-

dren by the special programs, categories were established, based upon

Piaget's theory of the development of logical thinking. The ages of the

children in the present study placed them roughly in a transitional

period between the earlier preoperational stage and the stage of con-

crete operations, toward which they were growing.

According to Piaget, such a transitional child is moving out of the

stage in which he is overwhelmed by the way things appear to his senses

1 This chapter was prepared by Mildred Hardeman.
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and .;into the stage in which logical necessity becomes a reality for him

and is more convincing to him than his wavering sense perceptions.

"Logical necessity" entails the development of co rote operations, which

are applied to classes, relations, and numbers. In Other words, the

child becomes "able to structure relationships between classes, rela-

tions, and numbers objectively" (Inhelder and Piaget, 1958, p. 343).

Such objectivity in regard to objects in the external world is a

necessary prelude to objectivity in relation to one's own thoughts, the

latter, according to Piaget, coming to existence only at about the time

of puberty. According to Piaget, the concrete operational child deals

very directly with facts as he goes about classifying and ordering

objects and dealing with numbers, ignorant of both the methods he is

using and his own thought processes. The child "never thinks about his

own thoughts. . . . In other words, the child has no powers of reflec-

tion, i.e., no second-order thoughts which deal critically with his own

thinking" (Inhelder and Piaget, 1958, p. 339-340).

The mathematics /rid science programs
considered in the present

study may be viewed as efforts to help the children move more completely

into operational thinking. There is some emphasis, too, in the manuals

on helping children to become aware of their thought processes, and

hence more critical of their own logic.

In view of the foregoing aspects of Piaget's developmental theory,

categories were established in terms that permitted the cognitive pro-

cesses of the nathematics and science program to be analyzed. Each

activity recommended in the manuals was first categorized as to whether

it required cognitive activity in relation to concrete reality or in

relation to the child's own process of thinking. If the former, it was

then classified as to whether the activity pertained to classi2ication

(e.g., recognizing, naming, describing, defining, grouping), relations

(e.g., ordering), or number (e.g., counting, joining sets, separating

sets, adding, subtracting, etc.). Activities that required that the

child think about his own thinking included explaining, predicting,

checking of predictions, judging adequacy of criteria, viewing objects,

events, or relations in m,re than one way.

No attempt was made to count the number of times a specific activ-

ity might have been repeated, for the manuals often recommend that an

activity be repeated as long as the children are interested. In GCMP

Vindergarten, p. 56), for example, the teacher is asked to put ten

paper fish on a flannel board, eezh being labelled "1" through "10."

"Tell the children that the fish were swimming along in order when a big

wave scattered them. Ask a child to line the fish up again, in order.

Have many different 'waves' come along to scatter the fish and each time

let a child rearrange them on the board."

When there was no reasonable basis for making a judgment concerning

what cognitive processes might be required of the child, the activity

was not categorized. For example, the general instruction that the

teacher should discuss a given topic with the children did not lend
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itself to the present content analysis.

Several limitations in the present content analysis need to be con-

sidered. First, there is no way of knowing whether any given teacher

actually carried out the activities in the precise way prescribed by the

manual.

A second limitation is related to Piaget's warning against trying

to analyze isolated statements in terms of their logical components,

pointing to his own failure in such an attempt. "The question is

psychologically meaningful only when the subjects' entire reasoning or

a sufficiently systematic series of inferences is taken as a context'

(1958, p. 278). In the present context, the child's responses are not

being analyzed, nor the teacher's presentation of activities and ques-

tions, but only the presumed cognitive processes required of the child

as stated in the printed manual.

A third difficulty results from the fact that the mathematics and

science programs cover a time span of two years, proceeding from very

simple demands on the child to considerably more complex requirements.

Yet some of these processes may be classified in the same way. A kin-

dergarten child, for example, may be asked to describe a ball, and may

reply that the ball is red, or that the ball is round. A first grade

Mild may be asked to "Tell the story of this equation." The responses

of both, in the present scheme, were categorized as one form of classi-

fying, namely, describing. No distinction was made. between the more and

less sophisticated forms of description.

This difficulty is related to another, namely, the fact that the

children in the present study were in a transitional stage, and when

they were asked, for example, to "name" an object or an attribute, there

is no way of knowing whether the pronouncing of the appropriate label is

a pre-classificatory experience of the kind that Piaget calls "recogni-

tive assimilation," or whether this pronouncing of the name genuinely

implies awareness of a classification scheme, however
rudimentary such a

scheme might be.

Finally, the classification system itself only very roughly approx-

imates the logical requirements of an exhaustive, mutually exclusive set

of categories. For example, the process of "grouping" (noting similar-

ities) was distinguished from the process of "distinguishing" (noting

differences). Piaget's theory requires such a distinction, and although

one process or the other is usually clearly called for in various activ-

ities prescribed in the manuals, yet in actuality, it would seem that

the child who is asked to "put the blue blocks together" (grouping, or

noting similarities) is implicitly also noting differences, i.e., the

distinction between the blue blocks and those of another color.

In spite of the foregoing limitations involved in the examination

of presumed cognitive processes
required by the specie' programs, it

seems reasonable to suppose that an indication of similarities and dif-

ferences in the programs might be helpful in understanding the findings

of the present study. 50



Direct Manipulation of Objects

According to Piaget, four factors contribute to the development of

the child's logical abilities: maturation, experience with the physical

world, social transmission, and equilibration (Piaget, 1964, pp. 176-

186). Concerning experience with the physical world, Piaget has further

stated that ". . . a child learns very little indeed when experiments

are performed for him. . . . [instead] he must do them himself rather

than sit and watch them done" (1966, p. v). Through direct manipulation

of concrete objects, the child can not only discover properties of

objects, but he can aiso disCover ways of giving logical structure to

the objects of the concrete world.

For example, a child may be surprised to learn that

when he counts three groups of two objects he gets

the same total as when he counts two groups of three

objects. When he learns that the sum is independent

of the order of counting he is discovering the

properties of the actions of ordering and uniting.

He is learning something from these actions themselves,

rather than from the objects independent of these

actions. (Piaget, 1966, p. vi)

In view of this emphasis on actual experience with physical reality,

the 'science and mathematics programs were analyzed in terms of the

extent to which, according to the teacher's manuals, the children were

given the opportunity to manipulate objects physically. Examples of

such activity included sorting buttons, planting seeds, measuring the

floor, matching children and chairs, etc.

Description and Analysis of Programs

American Association for the Advancement of Science

For the early elementary years, AAAS has provided four manuals

entitled Science--A Process Approach. The first two manuals, Part IA

and Part 18, have been used frequently in kindergarten, and Part IIA and

Par' IIB in the first grade. Each of the four manuals begins with the

same one-page foreword, in which the chief task of science education for

young children is stated to be that of awakening "a sense of . . . joy

and excitement" in searching for knowledge, and an awareness of the

intellectual power of science.

In the foreword, the hope is expressed that in the primary grades,

skills will be developed in "Observing, Recognizing and Using Number

Relations, Measuring, Recognizing and Using Space-time Relations, Clas-

sifying, Communicating, Inferring, and Predicting." The stress is

placed on developing these skills rather than upon a systematic presen-

tation of information. Content is thus intended to be placed in a

secondary role.
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Our hope is that by the end of the third grade, the child

who has been instructed by means of these exercises has

acquired some important fundamental process skills, a

good many basic scientific concepts, and some organized

knowledge about the natural world. . .

These instructional materials consist of descriptions for

the teacher of exercises drawn from a variety of science

fields. They are arranged as an orderly progression of

learning; experiences. The objectives, the student per-

formance expected by the time each exercise is completed,

are clearly specified. To ensure that these objectives

have been attained, an associated Appraisal exercise is

provided. (Science--A Process Approach, 1965)

The activities themselves occupy 120 pages for kindergarten and 179

for first grade, totalling 24 lessons for kindergarten and 26 for first

grade. Some of the objects studied are animals, plants, shells, magnets;

and stress is placed on such properties as shape, size, color, and tex-

ture. Several concepts pertaining to number are emphasized, such as

sets, numerals, addition, and measurement (linear, time, volume, weight).

In the AAAS manuals, each lesson is preserved in the following form:

objectives, rationale, vocabulary, materials, suggestions for originating

the program with the children, instructional procedure (usually several

different activities), one or more generalizing experiences, and ways of

appraising what the children have learned. Instructions to the teachers

are detailed and specific.

The specificity of directions may be illustrated by the lesson

taught in the kindergarten, on recognizing time intervals (IB, pp. 89-

94). After stating three immediate objectives of the lesson, a ratio-

nale, a vocabulary of 38 words (year, month, week, etc.), and itemizing

the materials needed, 21 questions are then given that the teacher may

ask the children ("Originating the Problem"). As "Instructional

Procedure," three activities are presented, each with details of activ-

ity and questions to be asked of the children.
Frequently the answers

that are required by the questions are given in parentheses after the

question, e.g., concerning clocks: "Are the hands alike? How are they

different? (One is longer than the other--or one moves faster than the

other.)"

As a "generalizing experience," the manual asks the teacher whether

the children select appropriate time intervals in describing the age of

various people and objects, and whether they can order various time

units in terms of length of interval. In order to appraise what the

lhildren have learned, three additional activities are provided.

Although the stated objective of the AAAS manuals is to develop

processes, the present content analysis indicates considerable emphasis

on specific information. For example, the first four AAAS manuals

together recommend a total of 430 words to be taught,
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When cognitive responses were examined, it was found that nearly
half of those responses presumably required in the kindergarten and
first grade pertain to the logic of classes, approximately 15 percent
to the logic of relations, and approximately 20 percent to number. The

logic of relations receives more emphasis than any one of the processes
involved in the logic of classes (recognizing, naming, describing,
grouping, distinguishing). Further, if the responses concerned with the
logic of relations are added to those that require numerical ordering
(ordination and cardination), then almost one-third of the AAAS re-
sponses are concerned with ordering.

Approximately 17 percent of the responses to AAAS activities seem
to require that the children think about their thought processes.
Special emphasis is placed on predicting, explaining, and checking of

the predictions and observations.

Approximately one-fourth of the required responses gave children

the opportunity to manipulate physical objects directly.

Science Curriculum Improvement Stucly.

Karplus presented the underlying philosophy of the SCIS program

as he saw it in 1964 in the following way:

In order to reach the objective of scientific literacy,

. . , the science curriculum has to provide the pupils

with experiences that are different from their usual
ones. . . .

A most interesting pedagogical question concerns the

manner in which these experiences should be incorporated

into the teaching program. . . . it is clear that the
experiences should be direct ones for the children, not
told by the teacher or read in a book. . . . There is,

however, the question of how much guidance the teacher
or the book should provide for the children as they
manipulate and observe, and how much discussion and

review should follow the experience. how much verbali-

zation should take place?

It is my belief that there should be substantial guidance

and discussion. There should be an effort to relate the
unusual experience to the more usual experience of which

it represents an extreme case. In this way, the abstract

concepts that are at the basis of the scientific point of

view are built up. As the children make further observa-

tions, they will look at them more scientifically. The

abstractions will form a link between their earlier expe-
riences and later experiences, so that the children can

bring their knowledge to bear in a systematic way. Per-

haps the gulf between scientific thinking and common-
sense thinking can be reduced!
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Each lesson in the science program may fulfill one or

both of these functions: to provide a new experience
and to establish or reinforce an abstract concept.
Connections between different lessons are created by

use of the same phenomenon to illustrate different con-
cepts and the use of the same concept to interpret dif-

ferent phenomena. The conceptual structure creates a
context for the new experience that enables it to be
assimilated rationally in relation to other experiences.

One might say that the conceptual structure provides

discipline for mental organization. (Karplus and Thier,

1967, pp. 5-6)

The teacher's manual used for the SCIS kindergarten program in 1965

contains 33 pages, of which nine provide a rationale of the program and

give suggestions for the development of an appropriate standpoint on the

part of the teacher for introducing young children to science.

In general, the teacher is asked to experiment with the presenta-

tion of various activities in the manner of a scientist, not evaluating

the results in terms of the children's excitement or what may appear to

be their immediate understanding, but looking rather for evidence of

"the children's growing ability and interest in dealing with objects and

events in more analytical ways." The teacher is further asked not to

make introductory or concluding generalizations for the children, but

rather to let them arrive at various conclusions themselves.

Concerning the content of the kindergarten program, the authors

state that they are concerned with "some simple ideas underlying the

basic concepts" (p. 7) to be encountered later in the study of complex

scientific theories. The particular concepts basic to the sciences

presented in the kindergarten manual are physical "objects" and their

"properties." According to the instructions to the teacher, emphasis

is to be placed on helping children to make accurate observations and

verbal descriptions of what is observed. Observation is to include

tactile observation, actual manipulation, and playing with objects.

Twenty-four pages of the manual are devoted to 15 different activ-

ities designed to carry out the objectives stated above. The objects

observed included those in the classroom, on a neighborhood walk, at a

zoo, and such items as leaves, buttons, blocks, beans, nuts and washers,

and plants. Properties emphasized included shape, color, size, and

texture. The manual does not offer special recommendations concerning

vocabulary to be taught, with the exception of the words "object,"

"property," "shape," "color," and "texture."

For the first grade, in 1966 SCIS provided an instructional manual

entitled Teacher's Guide: Material Objects, an equipment kit, and 60

"Student Activity Pages."

As in the teacher's manual for kindergarten, here, too, a lengthy

rationale is provided along with recommendations concerning the
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teacher's general attitude toward both the teaching of science and the

use of specific activities. Two long-range goals of the teaching of

science are affirmed: intellectual development in which reliance is

placed on one's own ability to reason, and "scientific literacy," or

understanding of basic scientific concepts.

The immediate goals "of the program are to acquaint a child with

specific examples of objects and organisms, to let him investigate

examples of natural phenomena, and to help him develop skills of manip-

ulating equipment and recording data" (SCIS, First Grade, p. vii).

The emphasis in the first grade again is on material objects and

their properties. The authors express the hope that children will

develop "habits of careful observation, a vocabulary that is useful in

describing objects, methods of recording observations and experiences,

and the ability to discriminate fine differences and to recognize broad

similarities" (SCIS, First Grade, pp. x-xi).

In order to assist the teacher to carry out these objectives,

stress is again placed on the development of an appropriate attitude on

the part of the teacher. Just as she is to help the child to trust his

own observations and reasoning, so she, too, is to rely on her own

observations and judgment: "If you feel hampered by the directions,

modify the procedure to suit your own situation" (SCIS, First Grade,

p. xi). She is instructed to ask questions without expecting answers,

to refrain from drawing conclusions from experiments, and to refrain

from urging the child to give verbal conclusions. The general emphasis

in teaching is to be on en-endedness as exemplified in the question,

"What have you observed today?" in contrast to the more traditional

question, "What have we learned today?"

The chief recommendation for the use of the 60 activity pages is

flexibility and judgment on the part the teacher. "In general, your

decision to use a student page, as well as all your other decisions in

regard to the handling of this unit, should be based on the children's

abilities, the objectives of the activity, and the teaching opportun-

ities present in the classroom at the time" (SCIS, First Grade, p. xiv).

It is recommended that teachers make use of the distinction between

"invention" lessons and "discovery" lessons. "Invention" lessons are

those in which the teacher presents a "new" concept (i.e., new to the

children) by giving it a label and a definition. A "discovery" lesson

is one in which children are encouraged to pursue their own explorations

in relation to an "invented" concept (Karplus, Thier, 1967).

In summary, the SCIS program has relied more on teaching the

teachers than on providing a teacher-proof program for the children.

For example, the AAAS program places emphasis on the how of specific

activities. The SCIS program seems to place more emphasis on enabling

the teacher to develop a scientific spirit through encouraging intel-

lectual modesty, open-mindedness, non-manipulative observation, and

objective inquiry:
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Concerning the content of the first-grade SCIS program, the

specific activities recommended to the teachers, a total of 30 units,

are grouped into four categories: (1) introducing objects and their

properties, (2) introducing the concept of material, (3) comparison and

serial ordering of objects, and (4) experimenting with material objects.

Specific objects studied include animals, plants, metal, wood, rocks,

liquids, gases, shells, etc.

According to the present tabulation of cognitive processes in the

SCIS program for kindergarten and first grade, there was a preponderance

(approximately 70 percent) of responses concerned with the logic of

classes, with the heaviest emphasis on grouping and describing. There

was some emphasis on the logic of relat4ons (approximately 10 percent),

and none on number. Approximately 20 percent of the responses seemed to

push the child into the direction of becoming aware of his thought pro-

cesses, requiring him to explain, predict, check his predictions, and

after grouping objects according to one criterion to group them accord-

ing some other criterion.

Approximately one-third of the responses required of children in

kindergarten and first grade were found to give them an opportunity for

direct manipulation of physical objects.

Greater Cleveland Mathematics Program

A teacher's guide, Key Topics in Mathematics for the Primacy,

Teacher, is provided as part of the Greater Cleveland Mathematics Pro-

gram. It contains the suggestion that the teacher who has an overview

of all the mathematical concepts that are developed in the first four

grades will understand better those that are specific to his grade

level. It continues:

The Greater Cleveland Mathematics Program is a new

approach to the teaching of mathematics. It shifts

the emphasis from teaching
mathematics as a way of

doing something, to teaching it as a way of thinking.

The GCMP places major emphasis on the understanding of

basic mathematical ideas which are sometimes hidden

within computational techniques.
Computation is an

important part of mathematics and it must be taught,

but it should be taught after the child understands

the underlying mathematical ideas.

The child makes use of inductive and deductive reason-

ing as he progresses from intuitive learning to basic

information, and then to an understanding of more ab-

stract concepts. The discovery approach to learning

is employed; the child is given the opportunity to

discover mathematical ideas for himself.

New topics and vocabulary are included in GCMP to make

mathematical concepts more meaningful, more precise,

and more exciting to the child. The GCMP is taught as
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At these meetings, and also in a statement of information sent to

each teacher, the study was described as "designed to test the effects

of early instruction in the basic concepts of mathematics, science, and

social studies on the child's later ability to think in a logical

fashion." The statement continued:

As every kindergarten and first grade teacher knows,

the intellectual content of the curriculum for these

early years has been much emphasized of late. In dome

programs the concepts the children are expected to

grasp are outlined in advance and presented to them in

a specified, systematic fashion. In others, the con-

cepts are expected to evolve according to the interests

and apparent readiness of the children. Whatever the

approach, teachers find that some children /earn new

concepts easily, other children have difficulty in com-

prehending many concepts, and certain concepts are hard

for most young children to grasp. Most of the research

related to the ways young children learn concepts has

not been conducted in classrooms, nor has it dealt very

extensively with those instances, so familiar to

teachers, where a child initially appears to understand

a concept but cannot apply it in a new situation, or

after a lapse of time.

The teachers were also informed that each of the children in their

class would be individually interviewed. Statements about the inter-

views were prepared for them to send to the parents. These indicated

that the "study is concerned with the ways children's ideas about vari-

ous aspects of mathematics and science change as they move from kinder-

garten into the first and second grades. The children will be asked

questions individually concerning the concepts in these areas." The

teachers were also told that in order to avoid the possibility of

special coaching, the questions in the interviews would not be shared

with them until after the study had been completed.

The classroom observations to be made were described as "very much

dependent on your willingness to cooperate with us. . We wish to

investigate the variety of ways science (or mathematics) concepts can be

conveyed to young children, and the responses the children make, by

observing two specified lessons during the year." It was noted that the

observations would be coded and edited in such fashion that the identity

of the teacher would be revealed only to the original observer.

Finally, responses to two brief questionnaires, one for the begin-

ning of the study, and one for the end of the year, were requested.

In general, the responses of the teachers to the proposed plan were

cooperative, and in some instances most enthusiastic. Several teachers

in both the SCIS-GCMP and the GCMP programs expressed concern about the

number of structured programs that were taking an increasing amount of

the children's time, leaving them too little opportunity to engage in
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cribed lessons indicated their conviction that the children in their

classes would do better than thew, in the experimental group because

they were free to move along at their own pace, rather than being pushed

through a particular schedule of activities. In retrospect, it seems

likely that some of these teachers may have felt themselves to be in

competition with the classes having prescribed lessons.

In the programs the teachers expressed two kinds of reserva-

tions. One had to do with the interviews with the children and the dif-

ficulties of establishing sufficient rapport with'each child to insure

getting the best responses from him. The teachers were concerned that

the interviewers be people who were experienced with young children, and

expressed a strong preference for interviewers who had been teachers, as

opposed to those who were psychologists, with little knowledge of

classrooms.

A second reservation concerned the observations. Although the

teachers did not then indicate that they themselves would object to

being observed, they pointed to the difficulties involved in getting an

adequate picture of the class in a short time, the possibility that some

really important learnings might occur quite apart from the lessons, and

the distractibility of the children when they had a visitor.

The questionnaires were sent out and the interviewing of the chil-

dren began at approximately the same time. The questionnaires were

returned fairly promptly by all but one teacher who mislaid the original

and never completed the duplicates that were sent her.

Meanwhile the interviewing of the kindergarten children went consid-

erably more slowly than had been anticipated. Although it was carried

on outside the classroom, there is little question that it occasionally

disrupted classroom routine. Furthermore, communications with parents

about the study, provision of information from the records, and the

location of space for the interviews all took considerable time.

After the interviews were completed, information from the Peabody

Picture Vocabulary Tests was sent to each school. In most instances the

principals passed this information along to the teachers. Suggestions

for and cautions regarding interpretation of the results were included.

Classroom observations began shortly after the middle of the year

when the senior investigator, usually accompanied by an associate, spent

a full morning or afternoon in each classroom. Such observations had

been suggested by some of the teachers who thought it would be difficult

to plan a lesson for a pre-specified time. These observations provided

a wealth of descriptive detail about the classes.

It should be noted that the investigators had not asked for such

extensive observations from the beginning. Most teachers appeared to be

unflustered by their visitors but surface appearances may have been mis-

leading. Some of the most competent individuals later commented that
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few of the teachers. Under such circumstances the appraisal of the
effectiveness of P. program is open to question.

The second questionnaires together with a brief statement regarding
the progress of the study were sent out well in advance of the end of

the year with the suggestion that teachers estimate the class' progress

for the remainder of the term. Despite this attempt to avoid the inevi-
table piling up of reports, the questionnaires were returned slowly, and
two were never returned (See Table 8). It should be noted that these

omissions were not from the classes having no prescribed lessons even
though those teachers in that group were asked to describe in consider-
able detail both the mathematics and science experiences the children
had.

Much the same procedures were followed with the first grade
teachers the following year. In most instances the senior investigator
met with the teachers to explain the study to them. In several cases,

however, the principals judged that no meeting was necessary since the

teachers were acquainted with the study from their contacts with the

kindergarten teachers of the previous year. These teachers received

only the explanatory letter sent with the beginning-of-the year
questionnaire.

From the meetings that were held, and from comments made on the

questionnaires, it appears that the first grade teachers viewed the

study with less enthusiasm and less commitment than their colleagues in

the kindergarten. Another indication of this comes from the fact that

the teachers in only one program, AAAS, returned all the beginning-of-

the-year questionnaires. For the end of the year the number of returns

was even smaller.

Insufficient communication about the nature of the study (although

the first grade teachers received mimeographed material almost identical

to that given their kindergarten colleagues), unexpressed resentment

about the observations, greater pressures from the community and from

within the school system on matters not Concerned with the present study

are all factors that may have contributed to the apparent decline in

interest in the study.

One teacher wrote on an earlier questionnaire, "We always begin our

participation in a reaearch project in high anticipation but we never

reach the plateau of realization." With this criticism in mind, the

second questionnaires for the first grade teachers were accompanied by

a nine-page progress report outlining the study, showing the numbers of

children and teachers involved, discussing the bearing of certain vari-

ables on the outcome, and reporting on the number of children who had

given correct solutions to all the tasks posed in the kindergarten and

first grade interviews. The nature of the tasks was not discussed.

Also included were brief summaries of some of the opinions of the kin-

dergarten and first grade teachers as expressed in the beginning-of-the-

year questionnaires.
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Number of Questionnaires Completed by Teachers

No. of
Program Tchrs.

Fall 1965
Question-
naires
Completed

Spring 1966
Question-
naires No. of

Completed Tchrs.

Fall 1966
Question-
naires
Completed

Spring 1967
Question-
naires
Completed

Program Initiated in Kindergarten

AAAS 5 5 5 8 8 6

(GCMP)

SCIS 5 4 2 10 9 6

(GCMP)

GCMP
only

7 7 7 17 14 9

No Pre-
scribed

9 9 9 11 9 9

Lessons

Program Initiated in First Grade

SCIS 6 6 5

(Math)

Math
only

6 6 5

From the viewpoint of the investigators, the items on the question-

naires were relatively unambiguous. nether more extensive pretesting

of some of the items could have eliminated the ambiguities the teachers

perceived is not clear. In some instances they wrote at length in order

to clarify their own points-of-view, in other instances they simply

omitted occasional items. In either event it seems likely that many, if

not most, of the teachers found responding to the questionnaires more

time-consuming and possibly more frustrating than had been anticipated.

Despite the various difficulties over the two year period, fewer

than 20 percent of the 74 teachers who were involved failed to respond

to the questionnaires. In considering the possible differences in the

teaching from program to program, the reader must bear in mind the

extent of missing information and also the fact that
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Table 8

Number of Questionnaires Completed by Teachers

No. of
Program Tchrs.
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omitted occasional items. In either event it seems likely that many, if

not most, of the teachers found responding to the questionnaires more

time-consuming and possibly more frustrating than had been anticipated.

Despite the various difficulties over the two year period, fewer

than 20 percent of the 74 teachers who were involved failed to respond

to the questionnaires. In considering the possible differences in the

teaching from program to program, the reader must bear in mind the

extent of missing information and also the fact that
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dergarten and first grade, several pairs of kindergarten and first grade

teachers were involved. A few kindergarten classes moved as groups into

first grade and shared the same first grade teacher. More often some of

the children from a particular kindergarten class had one first grade

teacher, others another, and still others may have had a third. The

number of combinations increased the difficulties of studying the

effects of the teaching.

Educational Backsramal2n1LExmlenceofthe Teachers

As Table 7 in Chapter II indicates, a majority of the kindergarten

teachers had Master's degrees, while a majority of the first grade

teachers had only Bachelor's degrees. The kindergarten teachers also

had more years of teaching exnerience than the first grade teachers.

The greatest differences arcJi, the programs are found in the classes

with no prescribed lessons where most of the kindergarten and first

grade teachers had Master's degrees and in the GCMP classes with a some-

what higher proportion of teachers who had only Bachelor's degrees.

Attempts to determine the amount of college or graduate work each

teacher had had in mathematics and science were not very successful,

since many teachers omitted the question. Among those responding there

were no apparent differences from program to prograw.

All of the teachers were asked to indicate whether and for how long

they had participated in teaching the experimental program(s) in use in

their school, and also whether they had participated in any other exper-

imental programs. In general, the responses coincided with what waa

known about the introduction of the experimental programs in the various

school systems. Some teachers indicated that they had had an earlier

introduction to GCMP. Teachers in the classes having no prescribed

lessons indicated participation in experimental reading or language arts

programs, but, with one exception, did not mention mathematics or

science.

Teachers' Attitudes and Convictions

Several items on the questionnaires were designed to elicit the

teachers' positive or negative feelings about involvement in a program

of early instruction, or in the research project, and their convictions

regarding the effects of early instruction.

Both kindergarten and first grade teachers in the fall question-

naire were asked to respond to the following statement:

When teachers are faced with the necessity of teaching

new material their reactions vary. When they like the

material, feel it is appropriate for the children they

are to teach, and know they will have sufficient time

and help in preparing it, they are likely to be
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within any program the children could have any one of several possible

combinations of kindergarten and first grade teacher. He should also
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dergarten and first grade, several pairs of kindergarten and first grade
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introduction to GCMP. Teachers in the classes having no prescribed

lessons indicated participation in experimental reading or language arts

programs, but, with one exception, did not mention mathematics or
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Teachers' Attitudes and Convictions

Several items on the questionnaires were designed to elicit the

teachers' positive or negative feelings about involvement in a program

of early instruction, or in the research project, and their convictions

regarding the effects of early instruction.

Both kindergarten and first grade teachers in the fall question-

naire were asked to respond to the following statement:

When teachers are faced with the necessity of teaching

new material their reactions vary. When they like the

material, feel it is appropriate for the children they

are to teach, and know they will have sufficient time

and help in preparing it, they are likely to be
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about the material, uncertain cnac XE in

terest or the grasp of their particular group of chil-

dren, or are teaching ter) large classes with too little

time for preparation, they are likely to feel opposed

to the innovations. We would like to know how you felt

when you first learned you were to teach the

program this year.

For the group having no prescribed lessons this statement was modi-

fied to "participating in a research project," and enthusiasm made con-

tingent on interest "in the issues inherent in the research" and the

anticipation "that it will not be unduly disruptive of classroom learn-

ing or take an undue amount of time." Opposition was contingent on

being "dubious about the importance of the research," "uncertain of what

will be required," or "subject to too many other pressures."

Similar alternatives were offered in the end -of -year, questionnaire

when the teachers were asked to indicate how they felt as the year came

to an end. The alternatives offered ranged from "very enthusiastic . . .

something I really wanted to do"; through "enthusiastic positive

reactions outweighed misgivings"; and "not enthusiastic .

outweighed positive reactions"; to "opposed . . . something I really did

not want to do."

On the basis of the alternatives they selected, one can only judge

that the teachers wore, by and large, enthusiastic about the experi-

mental programs, or in the case of the group with no prescribed lessons,

about the research. Only once was the alternative "opposed" selected,

and the alternative "not enthusiastic" was selected a little more than

one time out of ten. However, about as frequently as this, the given

alternatives were ignored and a comment, not readily classifiable as

either positive or negative was written in. At least some of these

comments can probably be taken as reservations. At the other extreme,

about one time out of three, the alternative chosen is the most positive,

"very enthusiastic."

It is difficult to discern any differences among the programs in

the degree of enthusiasm reported by the teachers. In Table 9, the

alternatives "very enthusiastic" and "enthusiastic" have been combined

under the heading of "positive," and "not enthusiastic" and "opposed"

under the heading "negative." This indicates that only one program,

AAAS, never received a negative or ambiguous response. It also suggests

that the proportion of negative attitudes among the first grade teachers

was not appreciably greater than among those teaching kindergarten.

The table is, of course, a pallid reflection of the actual atti-

tudes and views of the teachers. As their comments indicated, some of

them appreciated the necessity fop the multiple-choice
approach of the

questionnaire but felt that it over-simplified matters that were in fact

complex.
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enthusiastic. On the other hand, when they are dubious

about the material, uncertain that it is within the in-

terest or the grasp of their particular group of chil-

dren, or are teaching tco large classes with too little

time for preparation, they are likely to feel opposed

to the innovations. We would like to know how you felt

when you first learned you were to teach the

program this year.
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and the alternative "not enthusiastic" was selected a little more than

one time out of ten. However, about as frequently as this, the given
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either positive or negative was written in. At least some of these

comments can probably be takc-a as reservations. At the other extreme,

about one time out of three, the alternative chosen is the most positive,
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It is difficult to discern any differences among the programs in

the degree of enthusiasm reported by the teachers. In Table 9, the

alternatives "very enthusiastic" and "enthusiastic" have been combined

under the heading of "positive," and "not enthusiastic" and "opposed"

under the heading "negative." This indicates that only one program,

AAAS, never received a negative or ambiguous response. It also suggests

that the proportion of negative attitudes among the first grade teachers

was not appreciably greater than among those teaching kindergarten.

The table is, of course, a pallid reflection of the actual atti-

tudes and views of the teachers. As their comments indicated, some of

them appreciated the necessity for the multiple-choice
approach of the

questionnaire but felt that it over-simplified matters that were in fact

complex.
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a continuous structure and not as a basis for the
development of other concepts; each idea is presented

in such a way that it will not have to be unlearned

at a later date. (1962, p. 7)

Manuals giving detailed instructions for teaching mathematics are

provided. A one-page introduction precedes 78 pages of 45 lessons for

use in the kindergarten. Similarly, a one-page introduction precedes

250 pages of 129 lessons for first grade. For kindergar:en 80 work

pages are provided, and for first grade, 332 work pages.

In the introduction to the kindergarten manual, the teacher's re-

sponsibility is considered to be that of keeping the child's natural

curisity alive, encouraging him "to examine his environment critically

in search of new patterns and new ideas," and helping him to "find

relationships among these ideas." The author holds the general view

that the area of arithmetic provides the teacher with "her greatest

chance to help the child begin to develop his powers of reason."

According to the manual, the GCMP works toward this goal. "The

importance of patterns and relationships is stressed as the child moves

from concrete experiences to abstract ideas and as he applies these

ideas to new situations. Basic mathematical concepts are developed,

then tested and extended again and again. Continuity and creativity

are stressed throughout the program."

Each lesson includes a statement of specific objectives, such as

"To help children to develop a technique for demonstrating the fact that

two sets are equivalent"; a section entitled "Fundamentals," offering

suggestions to help the teacher conceptualize her activity in teaching

math4matics to children; a section entitled "Readiness for Understand-

ing," stating what is needed on the part of the children, such as

"Ability to listen and follow directions."

"Developmental experiences" include a list of the materials needed

for the lesson, a list of words to be learned, and specific activities

to be carried out with the children. In addition, instructions are

given for the use of the work pages. A final section entitled "Supple-

mental experiences" provides additional activities.

GCMP is as detailed and specific in the material it provides for

teachers as AAAS. This may be seen, for example, in a GCMP kindergarten

lesson entitled "Numbers and Numerals, Five - 5," in which one of the

objectives is "To provide practice in recognizing sets containing five

objects."

Tell the children to listen as you clap your hands.

Say that they must be ready to tell how many claps

they hear. Start with three claps. Co on to five

claps, four claps, and two claps. Have the children

take turns clapping and choosing another child to

give the number. (p. 34)
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Six other activities are provided, including directions for the use of

the appropriate work pages. As "Supplemental experiences," five addi-

tional activities are described.

Concerning the subject matter taught by GCMP, the first few lessons

for kindergarten are concerned with shape, size, and pattern, without

introducing concepts pertaining directly to number. With the exception

of these lessons, all the others in both kindergarten and first grade

are concerned directly with concepts of number. Chief topics include

sets and their relations, counting, addition, subtraction, place value,

fractions, and measurement (linear, time, liquid, money value). The

special vocabulary for kindergarten and first grade included 195 words.

Of the cognitive processes required by GCMP in kindergarten and

first grade together, the count in the present analysis shows that

approximately 70 percent are concerned with number, 20 percent with the

logic of classes, and 3 percent with the logic of relations (non-

numerical ordering). Only 7 percent seem to push the child in the

direction of thinking about his thought processes.

Approximately one-third of the required responses give children the

opportunity for direct manipulation of physical objects.

Teacher-Planned Lessons

The teachers at Garden City were provided with two mimeographed

curriculum guides, one for science, the other for mathematics in the

elementary grades. Both had been compiled by local. educators.

In the science manual, charts are provided organizing nine differ-

ent areas of the sciences into aspects that would be appropriate at dif-

ferent grade levels, kindergarten through sixth grade. The nine areas

include: living things; keeping healthy; using electricity; lifting and

moving things; using heat, light and sound; common chemical and physical

changes; the atmosphere; the earth; and earth and space. A brief pre-

liminary statement indicates that these areas are aspects of the larger

concepts of space, time, change, interrelatedness, variety, and

adaptation.

Thirty-four pages of the manual are devoted to kindergarten and

first grade combined.

For each of the nine areas, an outline first presents simple con-

cepts or facts to be taught, followed by suggested general activities.

The outline includes a variety of questions, and activities for school,

home, and field trips. In the first lesson, for example, on "living

things," one of the facts to be taught is that "Animals live in many

places." Thirteen different activities arE suggested as relevant to

this fact: e.g., "Collect pictures of pets qt home, pets on farm,

jungle animals, pond animals. Are they wild or tame? Briefly show map

of country to indicate where certain animals are found." Another recom-

mendation is, "Visit a farm. Discuss types of animals and what they
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give us. Supplement with many stories, films" (Garden City,

Science . . . , p. 2).

In the teacher's manual, for mathematics, two pages are provided for

a teaching outline for kindergarten, five pages for first grade. These

are a small part of the total manual, "Teaching Elementary School Mathe-

matics: Tentative Guide. Kindergarten through Sixth Grade."

The manual includes a preface in which the general purpose is

stated, namely, that of meeting the needs of the children of the commu-

nity. It is pointed out that the guide attempts to combine the content

taught by the various local teachers with recommendations by mathematics

experts concerning the order of presentation. Stress is placed on the

positive value of each teacher's unique way of presenting content.

'An additional preliminary statement encourages teachers to allow

children to find their own solutions to problems and to accept any valid

method of solution before encouraging shorter or more accurate solutions.

Warning is given of the importance of timing in encouraging children to

move from manipulating material objects to functioning on a more

abstract level.

The manual includes 38 pages of outlines for the various grade

levels, 104 pages devoted to a presentation of basic concepts which form

the mathematical background for the teacher, a bibliography, an appendix

explaining the septimal system of notation, an appendix presenting a

list of professional books and films, and a final appendix presenting a

glossary of mathematical terms.

The outline for kindergarten gives a list of nine concepts to be

taught, with one or two examples of each: e.g., "The need to count on a

one to one correspondence. Example: We need ten chairs, twelve

napkins." According to the manual, "Unhurried opportunities for chil-

dren to explore, discover, select, and use their curiosity and ideas are

important elements in building mathematical understanding in the kinder-

garten" (Garden City, Math , p. 1).

Seven concepts are recommended for first grade: number; addition

and subtraction; multiplication and division; measurement (temperature,

time, linear, liquid and bulk, weight, speed, money value); graphs and

tables; form and position (shape, directions); formulas and equations;

ratio and proportion. Recommendations are made concerning the level at

which each of the concepts is to be taught, but very little is given in

the form of specific teaching activities.

Summary and Predictions

The purpose of the present content analysis was to explore the sim-

ilarities and differences among the various special programs in science

and mathematics in three areas: the kinds of information taught, the

cognitive processes presumably required of the children, and the extent

to which the children were permitted to manipulate the physical world
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directly. Because the recommendations to teachers in the Garden City

manuals do not prescribe detailed, specific activities and experiences,

no attempt was made to analyze cognitive processes that might have been

required or the extent to which opportunity might have been provided for

direct manipulation of objects.

As far as general information is concerned, whereas SCIS is exclu-

sively concerned with science, and GCMP to a very large extent with

mathematics, AAAS includes both, without presenting as many mathematical

activities as CCMP. Whereas the SCIS and AAAS science programs stress

the study of objects and properties that can be directly manipulated by

the children in the classroom, the Garden City program includes a wider

range, stressing also areas that are not directly manipulated in the

classroom, such as the night sky,- the day sky, and keeping healthy.

GCMP and the mathematics program of Garden City are similar in the con-

cepts that are emphasized.

AAAS, GCMP, and Garden City all stress the teaching of various

kinds of measurement. SCIS is the exception to this major emphasis.

Concerning vocabulary, AAAS recommends the largest number of spe-

cific words to be taught, and GCMP ranks next. Both SCIS and Garden

City apparently leave this matter to the individual teachers.

As far as cognitive processes are concerned, examination shows that

SCIS has the highest proportion of responses requiring the child to

think about his thought processes, with AAAS having a slightly lower

proportion, and GCMP having the lowest. Responses concerned with the

logic of classes are stressed most by SCIS, somewhat less by AAAS, and

least by GCMP. Those responses concerned with th(,t logic of relations

are emphaSized to the greatest extent by AAAS, less by SCIS, and least

by GCMP.

GCMP contains the highest proportion of responses involving number

concepts, AAAS ranks next, and SCIS lowest.

Concerning the extent to which children were encouraged to manipu-

late directly the objects of the physical world, SCIS and GCMP are sim-

ilar, both requiring such manipulation in approximately one-third of

their responses. The proportion of such responses in the AAAS program

is slightly lower.

In the present study of logical thinking in the second grade, the

post-tests are similar in that none seems to require information that

the children did not have an opportunity to learn. The tasks are sim-

ilar, too, in that they all require direct manipulation of material

objects. However, there are differences among the tasks in the cogni-

tive processes required.

The logic of classes is required for the class inclusion problems

and the problems involving matrices. Logic of relations, as well as

numerical ordering, are required in the tasks involving conservation of
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number and liquid, those involving conservation of weight, and those

concerned with seriation and transitivity.

Coordination of relations, which is required in the tasks dealing

with the conservation of liquid and the conservation of weight, was not

emphasized in any of the manuals, nor was the multiplication of classes,

which is required in the matrix tasks and in the class inclusion prob-

lems. Also, the class inclusion operation required by the class inclu-

sion problems received no emphasis in any of the programs.

If the cognitive processes were actually emphasized in the class-

room in approximately the same proportions as indicated in the teachers'

manuals in the various programs, and if relative emphasis on a given

cognitive process during the transitional period is an important factor

in enabling the child to make use of that process in such tasks as those

in the present study, then one might make certain predictions regarding

the outcomes of the present study. However, the reader will recall that

all of the children in all the kindergarten groups that had prescribed

lessons in science (either SCIS or AAAS) also had the GCMP. It is

difficult to weigh the effect of these combinations.

Assuming that the children having the SCIS program actually had the

greatest exposure to the logic of classes, one might predict that they

would make the highest scores on the matrix and class inclusion tasks,

the AAAS children the next highest, and those who were exposed only to

GCMP would make the lowest scores.

Similarly, those children whose teachers had presumably placed a

relatively greater emphasis on the logic of relations (AAAS) would

obtain the highest scores on the conservation, the transitivity and

seriation tasks. It would be difficult to predict whether SCIS or GCMP

children would tank second, for SCIS has a higher proportion of

responses involving the logic of relations (non-numerical), whereas GCMP

requires a higher proportion of responses involving numerical ordering.

The general trends indicated in the printed teacher's manuals may

or may not have been reflected in the actual teaching of the programs.

In Chapter IV some of the factors that may have affected the teaching

are examined, while Chapter V deals with the actual teaching of some of

the lessons of the SCIS program.
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CHAPTER IV

SOME ASPECTS OF THE TEACHING

This chapter considers some of the variations among the teachers

and their teaching of the programs net might have affected the outcomes

of the study either directly or indirectly.

Just as the most rigorous test of the effectiveness of a given pro-

gram comes when the children participating in it can be matched on cer-

tain crucial variables with children who do not 9articipate, so also the

teachers involved in the experimental programs should be matched with

those in the non-experimental programs. Unfortunately, not enough is

known about teaching to enable the researcher to specify all the crucial

variables for such matching. But there are some variables too obvious

to be ignored. These include the teachers' educational background and

experience, their expressed attitudes and convictions regarding the pro-

grams, and their understanding of them. Samples of their teaching are

obviously also germane. In the present study, a variety of circum-

stances precluded the matching of the teachers in the various programs,

but they can be compared retrospectively. In such comparison, the

nature and limitations of the available data need to be considered.

Perhaps these can be viewed most effectively from the perspective of

the teachers.

The Study as the Teachers Saw it

Although none of the teachers was asked to describe the study as it

progressed, the questions they raised initially, the comments they wrote

on the questionnaires they received, and their remarks to interviewers

and observers, provide some notion of their reactions.

In the first year of the study, the kindergarten teachers in the

AAAS and SCIS programs knew that in agreeing to teach the experimental

programs, they had also agregld to being observed occasionally. They had

not bargained for the additional responsibilities placed before them

when their participation in the present study was requested by the cur-

riculum director or the principal. The teachers in the program involv-

ing only GCMP had no commitment to being observed by any one outside the

school system although they were increasingly involved in research proj-

ects of various kinds. Arrangements for the involvement of the teachers

who taught programs with no prescribed lessons were made at a meeting of

the principals. They felt that the teachers would be enthusiastic about

research that might justify the stance their school system had taken

with regard to prescribed programs planned without regard to the partic-

ular characteristics and readiness of a kindergarten group.

The senior investigator met with all of the teachers in all of the

programs to describe the study. In the case of AAAS, and the kinder-

gartens with no prescribed lessons, group conferences included all of

the kindergarten teachers who would be involved. In the other programs,

meetings were held either individually or with two or three teachers at

a time. 62



At these meetings, and also in a statement of information sent to

each teacher, the study was described as "designed to test the effects

of early instruction in the basic concepts of mathematics, science, and

social studies on the child's later ability to think in a logical

fashion." The statement continued:

As every kindergarten and first grade teacher knows,

the intellectual content of the curriculum for these

early years has been much emphasized of late. In dome

programs the concepts the children are expected to

grasp are outlined in advance and presented to them in

a specified, systematic fashion. In others, the con-

cepts are expected to evolve according to the interests

and apparent readiness of the children. Whatever the

approach, teachers find that some children learn new

concepts easily, other children have difficulty in com-
prehending many concepts, and certain concepts are hard

for most young children to grasp. Most of the research

related to the ways young children learn concepts has

not been conducted in classrooms, nor has it dealt very

extensively with those instances, so familiar to
teachers, where a child initially appears to understand

a concept but cannot apply it in a new situation, or

after a lapse of time.

The teachers were also informed that each of the children in their,

class would be individually interviewed. Statements about the inter-

views were prepared for them to send to the parents. These indicated

that the "study is concerned with the ways children's ideas about vari-

ous aspects of mathematics and science change as they move from kinder-

garten into the first and second grades. The children will be asked

questions individually concerning the concepts in these areas." The

teachers were also told that in order to avoid the possibility of

special coaching, the questions in the interviews would not be shared

with them until after the study had been completed.

The classroom observations to be made were described as "very much

dependent on your willingness to cooperate with us. We wish to

investigate the variety of ways science (or mathematics) concepts can be

conveyed to young children, and the responses the children make, by

observing two specified lessons during the year." It was noted that the

observations would be coded and edited in such fashion that the identity

of the teacher would be revealed only to the original observer.

'Finally, responses to two brief questionnaires, one for the begin-

ning of the study, and one for the end of the year, were requested.

In general, the responses of the teachers to the proposed plan were

cooperative, and in some instances most enthusiastic. Several teachers

in both the SCIS-GCMP and the GCMP programs expressed concern about the

number of structured programs that were taking an increasing amount of

the children's time, leaving them too little opportunity to engage in
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creative play. Several of the teachers in the schocis having no pres-

cribed lessons indicated their conviction that the children in their

classes would do better than thor in the experimental group because

they were free to move along at their own pace, rather than being pushed

through a particular schedule of activities. In retrospect, it seems

likely that some of these teachers may have felt themselves to be in

competition with the classes having prescribed lessons.

In al). the programs the teachers expressed two kinds of reserva-

tions. One had to do with the interviews with the children and the dif-

ficulties of establishing sufficient rapport with'each child to insure

getting the best responses from him. The teachers were concerned that

the interviewers be people who were experienced with young children, and

expressed a strong preference for interviewers who had been teachers, as

opposed to those who were psychologists, with little knowledge of

classrooms.

A second reservation concerned the observations. Although the

teachers did not then indicate that they themselves would object to

being observed, they pointed to the difficulties involved in getting an

adequate picture of the class in a short time, the possibility that some

really important learnings might occur quite apart from the lessons, and

the distractibility of the children when they had a visitor.

The questionnaires were sent out and the interviewing of the chil-

dren began at approximately the same time. The questionnaires were

returned fairly promptly by all but one teacher who mislaid the original

and never completed the duplicates that were sent her.

Meanwhile the interviewing of the kindergarten children went consid-

erably more slowly than had been anticipated. Although it was carried

on outside the classroom, there is little question that it occasionally

disrupted classroom routine. Furthermore, communications with parents

about the study, provision of information from the records, and the

location of space for the interviews all took considerable time.

After the interviews were completed, information from the Peabody

Picture Vocabulary Tests was sent to each school. In most instances the

principals passed this information along to the teachers. Suggestions

for and cautions regarding interpretation of the results were included.

Classroom observations began shortly after the middle of the year

when the senior investigator, usually accompanied by an associate, spent

a full morning or afternoon in each classroom. Such observations had

been suggested by some of the teachers who thought it would be difficult

to plan a lesson for a pre-specified time. These observations provided

a wealth of descriptive detail about the classes.

It should be noted that the investigators had not asked for such

extensive observations from the beginning. Most teachers appeared to be

unflustered by their visitors but surface appearances may have been mis-

leading. Some of the most competent individuals later commented that
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they had been quite shaken by the experience. The two observations made
later by experts in the particular programs were also unsettling to a
few of the teachers. Under such circumstances the appraisal of the
effectiveness of P. program is open to question.

The second questionnaires together with a brief statement regarding
the progtess of the study were sent out well in advance of the end of
the year with the suggestion that teachers estimate the class' progress
for the remainder of the term. Despite this attempt to avoid the inevi-
table piling up of reports, the questionnaires were returned slowly, and
two were never returned (See Table 8). It should be noted that these
omissions were not from the classes having no prescribed lessons even
though those teachers in that group were asked to describe in consider-
able detail both the mathematics and science experiences the children
had.

Much the same procedures were followed with the first grade

teachers the following year. In most instances the senior investigator
met with the teachers to explain the study to them. In several cases,

however, the principals judged that no meeting was necessary since the

teachers were acquainted with the study from their, contacts with the

kindergarten teachers of the previous year. These teacherJ received

only the explanatory letter sent with the beginning-of-the year
questionnaire.

From the meetings that were held, and from comments made on the

questionnaires, it appears that the first grade teachers viewed the

study with less enthusiasm and less commitment than their colleagues in

the kindergarten. Another indication of this comes from the fact that
the teachers in only one program, AAAS, returned all the beginning-of

the-year questionnaires. For the end of the year the number of returns

was even smaller.

Insufficient communication about the nature of the study (although

the first grade teachers received mimeographed material almost identical

to that given their kindergarten colleagues), unexpressed resentment

about the observations, greater pressures from the community and from

within the school system on matters not Concerned with the present study

are all factors that may have contributed to the apparent decline in

interest in the study.

One teacher wrote on an earlier questionnaire, "We always begin our

participation in a reuearch project in high anticipation but we never

reach the plateau of realization." With this criticism in mind, the

second questionnaires for the first grade teachers were accompanied by

a nine-page progress report outlining the study, showing the numbers of

children and teachers involved, discussing the bearing of certain vari-

ables on the outcome, and reporting on the number of children who had

given correct solutions to all the tasks posed in the kindergarten tnd

first grade interviews. The nature of the tasks was not discussed.

Also included were brief summaries of some of the opinions of the kin-

dergarten and first grade teachers as expressed in the beginning-of-the-

year questionnaires.
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Table 8

Number of Questionnaires Completed by Teachers

Fall 1965 Spring 1966
Question- Question-

No. of naires naires No. of

Program Tchrs. Completed Completed Tchrs.

Fall 1966
Question-
naires
Completed

Spring 1967
Question-
naires
Completed

*11

Program Initiated in Kindergarten

AAAS 5 5 5 8 8 6

(GCMP)

SCIS 5 4 2 10 9 6

(GCMP)

GCMP
only

7 7 7 17 14 9

No Pre-
scribed

9 9 9 11 9 9

Lessons

Program Initiated in First Grade

SCIS 6 6 5

(Math)

Math
only

6 6 5

From the viewpoint of the investigators, the items on the question-

naires were relatively unambiguous. Whether more extensive pretesting

of some of the items could have eliminated the ambiguities the teachers

perceived is not clear. In some instances they wrote at length in order

to clarify their own points-of-view, in other instances they simply

omitted occasional items. In either event it seems likely that many, if

not most, of the teachers found responding to the questionnaires more

time-consuming and possibly more frustrating than had been anticipated.

Despite the various difficulties over the two year period, fewer

than 20 percent of the 74 teachers who were involved failed to respond

to the questionnaires. In considering the possible differences in the

teaching from program to program, the reader must bear in mind the

extent of missing information and also the fact that
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within any program the children could have any one of several possible

combinations of kindergarten and first grade teacher. He should also

remember that within all of the programs that were studied in both kin-

dergarten and first grade, several pairs of kindergarten and first grade

teachers were involved. A few kindergarten classes moved as groups into

firsc grade and shared the same first grade teacher. More often some of

the children from a particular kindergarten class had one first grade

teacher, others another, and still others may have had a third. The

number of combinations increased the difficulties of studying the

effects of the teaching.

Educational BacklEnTLTTLIApirielftilelnt[ltri

As Table 7 in Chapter II indicates, a majority of the kindergarten

teachers had Master's degrees, while a majority of the first grade

teachers had only Bachelor's degrees. The kindergarten teachers also

had more years of teaching experience than the first grade teachers.

The greatest differences loci the programs are found in the classes

with no prescribed lessons where most of the kindergarten and first

grade teachers had Master's degrees and in the GCMP classes with a some-

what higher proportion of teachers who had only Bachelor's degrees.

Attempts to determine the amount of college or graduate work each

teacher had had in mathematics and science were not very successful,

since many teachers omitted the question. Among those responding there

were no apparent differences from program to prograw.

All of the teachers were asked to indicate whether and for how long

they had participated in teaching the experimental program(s) in use in

their school, and also whether they had participated in any other exper-

imental programs. In general, the responses coincided with what was

known about the introduction of the experimental programs in the various

school systems. Some teachers indicated that they had had an earlier

introduction to GCMP. Teachers in the classes having no prescribed

lessons indicated participation in experimental reading or language arts

programs, but, with one exception, did not mention mathematics or

science.

Teachers' Attitudes and Convictions

Several items on the questionnaires were designed to elicit the

teachers' positive or negative feelings about involvement in a program

of early instruction, or in the research project, and their convictions

regarding the effects of early instruction.

Both kindergarten and first grade teachers in the fall question-

naire were asked to respond to the following statement:

When teachers are faced with the necessity of teaching

new material their reactions vary. When they like the

material, feel it is appropriate for the children they

are to teach, and know they will have sufficient time

and help in preparing it, they are likely to be
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enthusiastic. On the other hand, when they are dubious

about the material, uncertain that it is within the in-

terest or the grasp of their particular group of chil-

dren, or are teaching tco large classes with too little

time for preparation, they are likely to feel opposed

to the innovations. We would like to know how you felt

when you first learned you were to teach the

program this year.

For the group having no prescribed lessons this statement was modi-

fied to "participating in a research project," and enthusiasm made con-

tingent on interest "in the issues inherent in the research" and the

anticipation "that it will not be unduly disruptive of classroom learn

ing or take an undue amount of time." Opposition was contingent on

being "dubious about the importance of the research," "uncertain of what

will be required," or "subject to too many other pressures."

Similar alternatives were offered in the end -of -year, questionnaire

when the teachers were asked to indicate how they felt as the year came

to an end. The alternatives offered ranged from "very enthusiastic . . .

something I really wanted to do"; through "enthusiastic . . . positive

reactions outweighed misgivings"; and "not enthusiastic . . . misgivings

outweighed positive reactions"; to "opposed . . something I really did

not want to do."

On the basis of the alternatives they selected, one can only judge

that the teachers were, by and large, enthusiastic about the experi-

mental programs, or in the case of the group with no prescribed lessons,

about the research. Only once was the alternative "opposed" selected,

and the alternative "not enthusiastic" was selected a little more than

one time out of ten. However, about as frequently as this, the given

alternatives were ignored and a comment, not readily classifiable as

either positive or negative was written in. At least some of these

convents can probably be takc-n as reservations. At the other extreme,

about one time out of three, the alternative chosen is the most positive,

"very enthusiastic."

It is difficult to discern any differences among the programs in

the degree of enthusiasm reported by the teachers. In Table 9, the

alternatives "very enthusiastic" and "enthusiastic" have been combined

under the heading of "positive," and "not enthusiastic" and "opposed"

under the heading "negative." This indicates that only one program,

AAAS, never received a negative or ambiguous response. it also suggests

that the proportion of negative attitudes among the first grade teachers

was not appreciably greater than among those teaching kindergarten.

The table is, of course, a pallid reflection of the actual atti-

tudes and views of the teachers. As their comments indicated, some of

them appreciated the necessity for the multiple-choice approach of the

questionnaire but felt that it over-simplified matters that were in fact

complex.
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Two of the questions were designed to get at some of the underlying

beliefs and attitudes that might contribute to the teacher's enthusiasm

or lack of it. One of these presented the frequently quoted statement

by Bruner (1960), "Any subject can be taught effectively in some intel-

lectually honest way to any child if the basic ideas can be translated

into the child's way of seeing things." The statement was identified as

one that had been widely quoted but the author was not cited. The

teachers were asked to indicate whether they believed the statement to

be true for any child, almost all, most, or very few children, or none.

They were also asked to indicate whether they thought the statement

applied in first grade and above, or in kindergarten, or in nursery

school. Table 10, with some of the categories collapsed, indicates that

the kindergarten teachers who had no prescribed lessons were more

divided in their views than their colleagues in the other groups. This

difference does not hold for the first grade teachers.

Perhaps indicative of a difference between the kindergarten and the

first grade teachers, although the numbers are so small as to preclude

much comment, is the number of first grade teachers who apparently be-

lieve the statement does not apply before the first grade.

An additional question had to do with the applicability of the

statement to various areas of the curriculum. About half of those re-

sponding checked mathematics, but there were no apparent differences

from one program to another. Perhaps the belief that mathematics can

he made comprehensible at an early age reflected the general emphasis

on that subject in current curriculum revision.

The notion that prescribed instruction in the basic concepts of

mathematics or science might prove disruptive to a typical kindergarten

program was explored in the fall questionnaire given to the kindergarten

teachers. The question intended to give those teachers who were appre-

hensive about fitting a series of prescribed lessons into a loosely

structured, child-centered
kindergarten program an opportunity to ex-

press their views. It began with an unidentified textbook description

of a kindergarten program:

The kindergarten program is not subject matter oriented,

nor is its curriculum prescribed. The teacher cuts

across any and all bodies of subject matter, not by way

of "lessons" and paper-and-pencil techniques but by

drawiiig knowledge of all kinds from the ordinary expe-

riences of the children. Through these she helps the

children build for themselves a broad base of under-

standing.

When asked to indicate whether they agreed strongly, or agreed with

most of the statement, disagreed with most of the statement or disagreed

strongly, every kindergarten teacher indicated agreement, half of them

"strongly." The next question asked them to indicate to what extent the

kindergarten described in the statement would be modified if the experi-

mental program they were teaching (AAAS, SCIS, or CCMP) were
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incorporated in it. For the teachers having no prescribed lessons the

statement referred to "a program of instruction in the basic concepts of

mathematics or science." Most of the teachers in all the programs re-

sponded that such incorporation would be easy, or would change the pro-

gram very little. Four teachers thought such incorporation would be

difficult and one chose the alternative of indicating that the described

kindergarten program would be changed "completely." It is interesting

that only two of the five teachers whose responses suggested doubt that

the typical kindergarten program could readily accommodate to instruc-

tion in the basic concepts were among those having no prescribed lessons

in their kindergartens.

To ascertain the view of the first grade teachers regarding early

instruction the fall questionnaire contained the following hypothetical

situation:

A first-grade teacher is in an elementary school that

has adopted a structured program for teaching mathe-

matics and science in the first grade. She finds that

her first-grade class is made up of children who have

similar mental ability and come from similar home back-

grounds. Also, they have all attended kindergarten

classes that were well taught and well equipped. How-

ever, the kinds of kindergarten program they had

differed.

One group of children had only the usual kindergarten

activities. The program for a second group included

these usual kindergarten activities but some of their

time was taken up by special lessons in both mathematics

and science. In these lessons, the teacher took the

children through activities and exercises that had been

designed and prescribed by mathematicians and scientists.

The program for a third group included the special math-

ematics lessons, but did not include any special

science lessons.

The first-grade teacher who has these three groups of

children is expected to teach all of them the first-

grade lessons for the science and mathematics programs

described above.

The teachers were asked to choose alternatives to indicate their

opinions as to the responsiveness of the three groups at the beginning

of the year, both in general and specifically in relation to the first-

grade science lessons, and their expected progress in the science

lessons, at mid-first grade and at the end of the first grade.

This question posed many alternatives, some of which were ignored.

It also elicited many spontaneous comments from teachers who were

clearly aware of the complex issues underlying it. On the whole, how-

ever, the responses were more striking in their similarities than in

their differences. Most of the teachers thought that the children who
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had had both mathematics and science in kindergarten would be more

responsive to the first grade mathematics and science lessons. Over

half of the teachers responded that the children who had had mathematics

would be more interested in the science lessons in first grade than

those who had not had mathematics. However, all but six of the other

teachers indicated that there would be no difference between the chil-

dren who had had mathematics and those who had had no prescribed lessons

in kindergarten.

In expressing views concerning the children's progress through

first grade, about two-thirds of the teachers predicted greater progress

on the part of the group that had had both mathematics and science in

kindergarten. The remainder indicated a belief that there would be no

difference when that group was compared with those having only mathe-

matics and those having no prescribed lessons. Since the proportions of

the responses differ little among the various programs it seems raasen-

able to assume that the expectations for the outcomes of early instruc-

tion were similar among all of the groups of teachers.

While a majority of the first grade teachers evidently believed in

the efficacy of early instruction in mathematics and science, many of

them, like their colleagues in kindergarten, did not feel markedly con-

fident about undertaking innovative programs in those subjects. Such a

conclusion is derived from the responses they made to a question regard-

ing their participation in innovative programs.

In this question they were asked to assume that they were teaching

in a school making major changes in its kindergarten or first-grade cur-

riculum and that they could choose between one of two new programs.

What choice would be made in each of the six possibilities: reading or

mathematics, reading or science, reading or social studies, mathematics

or science, mathematics or social studies, social studies or science?

Table 11 shows that reading is the subject in which most of the teachers

would prefer to be innovative. The next most popular choice is mathe-

matics, then science, and social studies, with each receiving about the

same number of choices. Ar?arently in all of the instructional programs

there were a number of teachers who were less confident in teaching

science or mathematics than in teaching reading. However, those who

consistently preferred science or mathematics were not found more often

in one program than another.

The Teachers' Views of the Programs They Taught

When a teacher undertakes to teach an innovative program for the

first time, it is natural for her to wish to have help from someone who

is knowledgeable about it. Before teaching begins she needs to be

familiar with the program's requirements, and as the teaching proceeds

she is likely to need assistance in both planning for and evaluating her

teaching.
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Table 11

Subjects Teachers Prefer When Teaching

an Innovative Programa

Number
Rspdg. Science

to Times Chosen

Ques- over others

Program tionb 1 2 3

Mathematics
Times Chosen
over others
1 2 3

Social
Studies

Times Chosen
over others
1 2 3

Reading
Times Chosen
over others

AAAS
(GCMP)

SCIS
(GCMP)

GCMP
only

No Pre-
scribed
Lessons

AAAS
(GCMP)

SCIS
(GCMP)

GCMP
only

No Pre-
scribed
Lessons

SCIS
(Math)

Math
only

3

6

5

7

8

4 2 0 0

13 6 2 2

9 5 1 1

Program Initiated in Kindergarten

Kindergarten,2:11111261

0 2 1 1 1 1 2 1

1 4 1 3 0 0

0 1 0 0 2 2

0 3 1 3

0

2 0 1

2 0 1

3 3 1

EIEL3ssirial966
5 2 1 3 5 0 0 1 2

1 3 0

3 7 0

5 3 1

1 2 0

4 1 2

4 4 0

Program Initiated in First Grade

Spring, 1966

6 1 4 1

5 2 0 0

3 0 0

1 3 0

2 0 1

1 2 0

1 2 3

1 0 2

0 2 4

3 1 1

4 1 2

1 4

0 1 4

2 2 9

1 1 7

0 2 4

0 1 4

a Reading, mathematics, science, social studies--each one paired

against the other.

b Not all teachers who responded to this question made all of the

choices presented to them.
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Since the circumstances under which each of the programs in the

study were operating varied, it appeared that the best way to get a
picture of the adequacy of the help given the teachers would be to ask

how much they had and whether it was as much as they had anticipated.

Accordingly, they were asked to indicate on the fall questionnaires the

amount (number of hours) and kind of help (group meeting, individual

consultation) they had had preparatory to beginning the program, and

that they expected during the year.

Ambiguities in estimating time are perhaps inevitable. Confusions

arise in deciding whether a fifteen minute session at which experimental

materials are handed out counts as a group meeting, or whether the five

minutes the science consultant spends with a group of children really

provides an opportunity for individual consultation. With allowance for

such ambiguities, all that is clear from the questionnaires is that the

amount of time given to preparatory help and consultation did not differ

substantially as far as AAAS and SCIS were concerned in the kindergartee

year. In the first grade, the time for SCIS was somewhat greater;

largely because the teachers in the classes beginning the program t

first grade had so many inservice training sessions. Both the GCMP

group and the group having no special program reported that they re-
ceived some help in preparation for teaching. In the first grade,

however, almost no such help was reported for GCMP.

In the questionnaires given them at the end of the year the

teachers were asked to indicate whether they thought they had had as

much help as they needed in the concepts of science and mathematics,

and also in the methods of teaching such concepts. They were also

invited to specify the kinds of additional help they would have liked.

In nearly a third of the questionnaire returns there was no re-

sponse to these questions. Among those who did respond, less than

20 percent indicated that they had had less help than they needed. Help

with the concepts of science was regarded as necessary by four of the

first grade teachers in the SCIS program that had begun in kindergarten.

The remainder of the teachers who indicated a wish for more help were

scattered among the programs.

Several questions at the end of the year were designed to get the

teachers' appraisal of the teacher's manuals and the lessons as they

taught them to their particular group.

Since the AAAS manual for the kindergarten was considerably longer

and more detailed than the SCIS, some negative comment regarding lack of

specificity from the teachers of SCIS was anticipated but did not occur.

Both AAAS and SCIS teachers noted that the manuals encouraged modifica-

tion, although one teacher believed that AAAS discouraged it. Comments

on the lessons suggested that the SCIS teachers were less well satisfied

than the AAAS teachers. This difference was not apparent at the first

grade level where the proportions of negative comments and no responses,

was roughly equivalent for the two groups.
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Teachers in the AAAS and SCIS programs, as well as those in the

GCMP program commented on the GCMP manual and lessons. At the kinder-

garten level there was little indication that these were seen as any

less satisfactory than those for science. At the first grade level,

particularly in the classes having only the GCMP program, there were

many instances where the teachers made no response.

For the experimental groups in the study, the objectives of the

particular science program and of GCMP were set forth in the question-

naires at the end of the year. The teachers were asked to indicate the

extent to which they thought the program had been successful in develop-

ing the specific attitudes, abilities, and skills described in these

objectives. In addition to checking the degree of success they were

asked to give reasons for their rating. The results indicated that all

the programs were regarded at least as "somewhat successful" in achiev-

ing their stated objectives.

It may be that the most accurate measure of differences among pro-

grams, and perhaps also of their success, is the amount of time per week

devoted to them. The fact that most classes, even at the kindergarten

level, operate on a somewhat regular schedule probably means that the

teacher has a fairly firm basis for making an estimate in this area.

Although there was some variation in the time estimates made by the

teachers, the mode for each group emerges rather clearly. In the kin-

dergarten most classes appeared to spend from one to two hours per week

in bath science and mathematics. There are two exceptions to this.

SCIS teachers typically appeared to spend only one hour, and teachers in

GCMP, lacking any special program of instruction in science, did not

report any time spent in science activities.

In the classes where there were no prescribed lessons in either

science or mathematics at the kindergarten level, science activities

were reported to take up to three hours in two classes, but the more

typical time spent was one hour. For activities that were designated

mathematical, the time spent was typically one hour but ranged to as

much as three hours per week. While the typical teacher in these

classes reported spending no more time on science or mathematics than

was typical in the classes with prescribed lessons, two teachers

reported spending more time.

Some kindergarten teachers had indicated that the new programs,

together with an increased emphasis on reading readiness, were consuming

time that had previously been devoted to play. Accordingly, it seemed

appropriate to find out how' much time was devoted to these activities

and whether or not there were differences among the groups.

As far as play is concerned, the AAAS teachers reported times

ranging from three to five hours per week. The information from SCIS is

not complete but one teacher indicated as little as two hours. It is

not known-whether or not she included the ten minutes of every hour that

is required as "recess" in the California schools. For GCMP the amount

of play ranged from two or three hours typically, to as much as six
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hours. The classes with no prescribed lessons presented the greatest
variation with none reporting less than two hours and one as much as six.

In the kindergartens in all the programs, one to two hours typi-
cally was spent in reading activities. Again, the widest variation was
reported in the group having no prescribed lessons.

The amount of time spent in a particular program may be less im-
portant than the depth of th., children's involvement in the lessons.
Such involvement may come more readily when the class is organized as a
total group, so the children are not distracted by other activities, or
they may participate more fully when the organization of the class is
such that they may have the full attention of the teacher in smaller
groups. Small group organization may also provide more opportunities
for children to learn from one another. This possibility has been
emphasized in some of the SCIS activities where it is assumed that chil-
dren develop greater flexibility and become less bound to their own
egocentric ideas if they must confront the ideas of their peers.

In the end-of-the-year questionnaire the teachers were asked to
indicate how they usually organized their classes for instruction in the
programs. Not all the teachers responded to this question. However,
most of the kindergarten teachers who did respond indicated that they
worked with the total group. In all programs the first grade teachers
who responded were fairly evenly divided between those who reported that
they worked with only the total group and those who also worked with
smaller groups. All but one of the SCIS first grade teachers whose
children did not begin the program until first grade, reported working
with small groups, perhaps reflecting the inservice program in which
they were involved.

A question dealing with the progress the children had made in the
programs as measured by "the lesson or page completed by all the
children" and by those "who went furthest if some went ahead of the
others" brought forth specific responses and a number of spontaneous
comments on the programs.

In the AAAS kindergartens, all classes completed Part One A of the
program, while one class moved into the early lessons of Part One B.
The two SCIS teachers who responded indicated that they completed the
kindergarten program. Since all of the SCIS classes were well into the
program by February, it is likely that all completed it. As far as the
GCMP program for these classes is concerned, two classes completed the
kindergarten program, and two others completed half of it, with the
other class in the middle. One of the two SCIS classes for which infor-
mation is available completed more than half, while the other finished
the book.

A majority of the GCMP kindergarten classes completed the program,
and none of the remainder completed less than three-quarters.
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In the first grade no HAAS class for which information was avail-

able finished Part Two B. However, all except one class completed more

than two-thirds of it. The range of material these same classes com-
pleted in GCMP varied from the entire first grade program, and in the

case of a few individuals, beginning of the second grade program, to

somewhat leas than two-thirds of the program.

All of the SCIS classes who had had the kindergarten program com-
pleted the first grade program. None of these classes completed the

CCMP although three classes finished more than two-thirds of it.

The range of lessons completed was greatest in the first grade

classes having GCMP only. Four of these classes completed, or nearly
completed, the GCMP first grade program, but one class finished less

than a fifth. In connection with this program the teachers commented

on the diversity of ability among the groups of children they had,

noting that the program was "too abstradt;11, or inappropriate for disad-

vantaged youngsters. One teacher noted that the parents claimed the

concepts were too difficult.

Only one of the SCIS classes that had not had the program in kin-

dergarten completed all the SCIS lessons. However, all of the classes

completed at least 24 lessons. One teacher noted that the fine distinc-

tions required in the lessons were too difficult for the slow children

in the group.

Although the number of spontaneous comments of this sort were too

few in number to develop any generalizations, they do give the reader

some sense of the complexities of the teacher's job. Faced with the

necessity of guiding a group of youngsters through a particular program,

she must make innumerable decisions, even when the program Is highly

prescriptive. Which youngsters need individual help, and shall that

help be given in the total group, in small groups or individually? Is

it better to stay with a given lesson until a majority of the class

have grasped it, or to move ahead at a steadier pace? If an innovative

program seems to be neglecting a skill the teacher thinks important,

shall she provide practice anyway? Is the class lethargic in a partic-

ular lesson because they have not understood an earlier one? Or is

today just a "bad" day for them? The strategies the teacher uses for

handling these and similar problems, and their appropriateness to a

particular group of children, very likely determine the relative success

of an innovative program. Clearly, however, only the most gross evi-

dence about such strategies can be derived from a brief questionnaire.

The questionnaires do provide evidence that with very few excep-

tions, the differences in the teaching as well as the attitudes and con-

victions were probably as great within the classes representing a par-

ticular instructional program, as they were between the groups, It is

clear that, as a group, the teachers in the classes having no prescribed

lesson had more Master's degrees a:1 were more experienced than the

teachers in the other groups. Although this group included several

teachers who expressed reservations about the efficacy of early
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instruction, they could be matched by teachers in the other groups. In

all the groups, a majority of the teachers believed that more subject

matter in kindergarten was likely to lead to more progress in first

grade, expressed some satisfaction with the programs in which they were

involved, but, by and large, would have been more confident to be in-

volved in an innovative program in reading. The amount of time the

teachers provided for thc prescribed programs, or in the classes having

no prescribed lessons, to mathematics and to science, varied from class

to class, but there is no evidence that the children in any one program

consistently spent more hours per week in special instruction than did

the children in any other program. Nor is there much evidence of dif-

ferences among the groups in the progress made through the programs.

The exceptions are to be found in the SCIS classes that did not begin

the program until first grade, and did not complete all of the first

grade program, and in GCMP group, where the variation in the number of

lessons completed in first grade was quite wide.

The Experts' Views of the Teaching

Although the teachers' reports suggested considerable similarity in

the teaching of the various programs, it is not unlikely that an ob-

server, well versed in the subject-matter and cognizant of the aims of a

particular program, could detect important differences in the strategies

used by different teachers. Precise specification and measurement of

these differences would, however, take considerably more time than was

available for observation by the experts in the present study.

(Chapter V,dealing with tape-recorded observations of some of the SCIS

lessons, suggests the direction an attempt at such specification might

take.)

With few exceptions, most of the classes in the study were observed

at least twice by someone who could be regarded as an expert in the

experimental program being taught, or, in the case of the classes having

no prescribed lessons, an expert in the observation of children.

Qualifications of the Experts

As far as possible the observers were individuals who were closely

assziciated with the program of instruction they observed. In the case

of AAAS, the observer during the kindergarten year was a professor at

Teachers College, Columbia University, who was serving as AAAS consul-

tant in the Pelham schools. In the first grade, when he was no longer

available, and his successor as AAAS consultant was too busy to take on

the assignment, the observer was a graduate student who had been a

member of the AAAS writing conference from its inception. The Cali-

fornia AAAS kindergarten classes were observed by the AAAS consultant,

a professor of mathematics at the University of California. A graduate

student who had been a member of the AAAS writing conference did the

first grade observations.

Members of the SCIS staff at the University of California, who had

assisted in the development of the lessons, observed the California SCIS
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classes. In this instance the observers differed from one class to

another, and the observations reported specifically for the present

study were part of a series of observations made of each class. Each

of the SCIS first grade classes was also tape-recorded once.

The observer for the SCIS program which was initiated only in the

first grade, was a graduate student closely associated with the

inservice training program for SCIS. Tape-recordings were also made

for each of the same four lessons in the four classes participating in

the study.

The expert who observed the GCMP classes in kindergarten was a

mathematics instructor who had been a consultant for the GCMP and had

conducted several workshops Involving kindergarten and first grade

teachers. When his schedule did not permit his participation for the

second year of the study, the first grade observations were done by a

professor of mathematics at Teachers College, Columbia University.

Observations for the classes having no prescribed lessons in kin-

dergarten and beginning a diversified mathematics program in first grade

were carried on by an experienced supervisor of elementary mathematics

who was completing her doctorate in mathematics education.

It was understood that the teachers having no prescribed lessons in

mathematics and science might not be able to specify, particularly at

the kindergarten level, the time mathematics and science could be ob-

served. Nevertheless, they were informed that the observers were inter-

ested in these areas. In the kindergarten year the senior investigator

and her research associate served as observers. In the first grade a

graduate student with many y.,tars of experience in teaching and in the

observation of children served as the observer.

Content of the Observations

The form for reporting on the observations was developed with the

help of AAAS and SCIS experts in the kindergarten year. It varied

slightly from program to program to conform with the particular goals

and format of the program.

The two pages included space to record: the time during which the

observer was present; the number of children present; a brief descrip-

tion of the lesson he observed; an indication as to whether the activity

was one prescribed in the program, and whether or not its intent was to

introduce a particular concept, or develop a concept previously intro-

duced, or to appraise previous learning. In addition the observer was

asked to judge whether or not the activity, if it were prescribed by the

manual, conformed to or departed from it. In the case of departure or

an innovation by the teacher he was asked to specify its nature and

whether or not it enhanced or confused the learning intended by the pro-

gram. Another judgment concerned whether or not the teaching of the

activity indicated an understanding of the entire program. Another

question related to the number of children who followed directions and
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appeared attentive, the number of children who answered questions and
the number who asked questions. Finally, where possible, the observer
recorded "typical teacher questions" verbatim.

Variation among the Experts

The senior investigator instructed each of the experts in carrying
on the observations. She stressed the importance of the judgments re-
garding the congruence of the observed lesson with the total program.
She also gave some emphasis to the observation of the attentiveness of
the children but recognized that it would be difficult to appraise this.
Somewhat less emphasis was placed on the recording of the number of
questions responded to and asked by the children or the kinds of ques-
tions posed by the teacher. No attempt was made to assess inter-
observer reliability.

The observers, in contrast to the teachers who responded to the
teacher questionnaires, consistently responded to each item on the
observation schedule. But they varied in the ways they responded to
particular items. One observer recorded in detail, submitting what
amounted to a comprehensive running record for each lesson he saw.
Others made their judgments in telegraphic style. Somewhere in the
middle of these extremes was the person who made succinct judgments
bolstered with brief bits of the classroom interaction.

Each observer's style appeared to be consistent from one class to
another. To the extent that two, or in a few cases, three, lessons
represent an adequate sample for a particular class, his judgments may
approximate the differing amounts of conformity to and understanding of
the program that characterized the teaching. Obviously, however, each
observer had his own standards for that kind of congruence. Accordingly,
it is impossible, with the possible exception of the SCIS program in
California, where most of the same observers were present both years, to
make any comparison between the kindergarten and the first grade in a
given program.

In less than a third of the classes observed, the observers' judg-
ment of the second lesson departed from the judgment made during the
first lesson. When, for example, a lesson that was judged to conform to
the experimental program in the first observation tended to be followed
in the second observation by another lesson also judged to be congruent,
or when a lesson judged incongruent is the first observation, tended to
be followed by one that was also judged incongruent, one might conclude
that the teachers were consistent. Unfortunately since the study pro-
vides no other check on the observers, one can equally well conclude
that once having viewed a class in a particular way, the observers were
prone to see it similarly at a second viewing.

Congruence of Observed Lessons witherimental Programs

The observers' judgments as to whether or not an observed activity
conformed to the intent of the program, and as to whether the teaching
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appeared to reveal understanding of it, may be taken together as an

estimation of congruence between the lessons as taught, and the lessons

as intended. Table 12 show:; the number of lessons that were observed in

each of the three programs having prescribed lessons, and the number

that were judged to he clearly congruent. In each instance of clear

congruity the observer's judgment regarding both conformity and under-

standing was obviously positive. For those lessons that were not so

judged, the number of aspects that were questioned is shown. These in-

clude some instances where the observer indicated uncertainty, some

where his judgment was clearly negative, and some where those who coded

the observation reports were able to agree that the observer's judgment

was not positive, but were not able to make any finer distinctions.

Considering the judgment of these particular expert observers, and

on the shaky assumption that the lessons they saw were representative,

it appears that among the groups having instruction from kindergarten on,

AAAS classes came closer to having the program intended than did either

SCIS or GCMP. In this connection it should be remembered that the AAAS

program is decidedly more prescriptive than is SCIS. GCMP is also pre-

scriptive. However, GCMP is not presented as an experimental program,

and the teachers may have felt more free to impose on these lessons

their own notions of teaching than was the case for the experimental

science programs.

For the two groups not starting instruction until first grade, the

SCIS lessons were judged to be rather closely in line with what was

expected in that program. judgment of the mathematics program for these

classes was difficult in view of the variety of texts being used.

Judgments made for the classes having no prescribed lesson are not

directly comparable to judgments of the other classes in the study. The

observers in these classes had to use as a basis for judgment the global

objectives set forth in curriculum guides that were relatively unstruc-

tured and not at all prescriptive. At both the kindergarten and first

grade level, a substantial majority of the observations gave only posi-

tive indications of being congruent with the general objectives.

Attentiveness of the Children

If an observer is not required to make any other judgments, he can

fairly easily keep account of the number of children who appear, at any

one moment, to be attentive to what is going on in a lesson. When, how-

ever, he is also required to make other judgments, the task is more dif-

ficult. Furthermore, as one observer commented, it is the rare child,

in the rare lesson, whose attention fails to wander. The attentiveness

that the observer hoped to capture was that stemming from genuine intel-

lectual interest. The observers' comments made it evident, however,

that some apparent interest represented little more than good discipline.

On the other hand, lessons were observed that seemed to be correctly

presented, but that, due perhaps to the makeup of the group, or to the

teacher's inability to create the appropriate atmosphere, never sparked

the children's interest.
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In view of these uncertainties about the actual significance of

what was reported as attention, it is unwise to attempt any comparison

of the various programs. The only safe generalization is that in all of

the programs, some of the lessons observed seemed to capture most of the

children's interests, and in all of the programs, some lessons appar-

ently lacked appeal for most of the youngsters.

Any statements about the number of youngsters who answered, and

perhaps more important, asked questions, is also inappropriate. Clearly

the teachers differed in how many and what kinds of questions they posed

the children, and in their expectations for the children's responses.

Clearly also they, and the programs as well, differed in the extent to

which the children were expected to ask questions. But the different

styles of the observers and the fact that they did not observe the same

lessons in all the classes limit the usefulness of their reports except

for the purpose of illustration.

Manipulative Activity with Objects

Just as only tentative conclusions about the nature of the ques-

tioning in the various programs can be drawn from the observations of

the experts, considerable caution must also be exercised in considering

the amount of manipulative activity with objects that characterized the

various programs. It will be recalled that the manuals for SCIS and

GCMP suggested that about a,third of the responses from the children

would involve such manipulation, while in the AAAS program the propor-

tion would be about a fourth.

In the particular lessons that were 'observed, the AAAS classes pro-

vided somewhat more opportunity for the children, to handle objects in

the first grade lessons than in the kindergarten. At both levels, how-

ever, the teachers rotated materials around the class and provided

opportunities for individual children, or in some instances groups, to

carry out certain manipulative activities on their own.

Although the SCIS program calls for the children to have direct

access to objects as often as possible, in the particular lessons

observed the teachers varied widely in their procedures. While it is

clear from the records that some teachers arranged the objects so that

the children, either individually or in small groups, did have an oppor-

tunity to handle them, others merely showed them to the children and had

them talk about them.

The most obvious shortages, as far as opportunities for the physi-

cal manipulation of objects are concerned, came in the GCMP group, at

least in the lessons observed. Here more often than not the experiences

provided the children were predominantly visual. The children were

shown pictures, or the flannel board was used, or they followed direc-

tions for marking pictures in their own workbook. In general, in this

program, responses were less often individualized, that is the teacher

showed the picture, posed the question, and the children chorused a

response.
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Further Considerations About Teaching

Exploration of the teaching in the various instructional programs
was not the primary objective of this study. Yet the teaching may be

one of the crucial variables as far as the effectiveness of the programs

is concerned.

In any study comparing instructional programs in the realistic
setting of the classroom, teachers, even though adhering to the obvious
prescriptions of the program, can be expected to vary in ways that may

affect the outcomes. In the present study, some of those who did not

use prescribed lessons may have planned and carried out the science and
mathematics experiences for their classes in ways as inherently logical

as those prescribed in the manuals. Conversely, some of those who did

use the prescribed lessons may not have grasped their logic, or conveyed

it to the children.

On the basis of the available data, it can be said that the

teachers differed somewhat in the amount of education and experience
they had, a difference favoring the classes with no prescribed lessons.

It is also possible that the AAAS lessons were more often taught in

accord with the intent of the program than were the other lessons.

In Chapter V, where the transcripts of several SCIS lessons are

analyzed, the complexities of the classroom interaction are made more

apparent. It seems likely that only through such close scrutiny can
the possible contributions of the teaching to the children's thinking

be adequately appraised.
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CHAPTER V

A CLOSER LOOK AT TEACHING: THE SCIS PROGRAM'

Chapters III and IV have emphasized the importance of an examina-

tion of the activities of the teachers and children in the classroom for

a thorough evaluation of the relationship of a curriculum and the devel-

opment of logical thinking. A manual might suggest that a preponder-

ance of the teaching should require manipulative activities by the chil-

dren, but it is the teacher who arranges the lesson so that this does or

does not occur. It is the teacher who can transform the learning of

science vocabulary and terminology from an exercise in memorizing into a

tool for organizing the environment. And it is only by observing the

teacher and students in the classroom that the cognitive interaction of

the participants may be evaluated.

Background earaq.ollal5ttIday

With the conviction that an observational study of the teachers and

pupils involved in the study would provide a valuable supplement to the

other data collected in the overall study, SCIS science lessons taught

by four first grade teachers to their regalar classes were tape recorded

for further study. The teachers and children were all from one of the

schools participating in the larger study. Although it would have been

desirable to include teachers and schools from some of the other pro-

grams, for practical reasons involving personnel, money, and equipment,

this was not feasible. Since the recording had to be limited, it seemed

reasonable to'select SCIS classes because the designers of the SCIS pro-

grams incorporated into their curriculum many of the ideas of Piaget,

from whose writings were derived the theoretical underpinnings of the

entire study presented in these eight chapters.

Characteristics of the Classes Studied

The mean Peabody Picture Vocabulary Test I.Q. scores for the chil-

dren in the four participating classes ranged from 105 to 113.

Class Mean PPVT I.Q. Standard Deviation No. of Children

1 105.33 17.06 21

2 105.47 9.26 17

3 105.53 9.69 17

4 113.41 15.34 17

The mean in Class 4 is higher than the means in the other classes, and

in Classes 1 and 4 there was more variability in the scores. The mean

PPVT I.Q. score for all children completing the overall study was 106.19,

so that the children in the four classes studied are not unrepresenta-

tive of the larger population in this respect.

This chapter was prepared by Felice Cord's with the assistance

of Paula Jean Martin. 86



In the fall rf 1966, as part of the larger study, the children in

these classes were interviewed on problems designed to assess their per-

formance in conservation and class inclusion situations. The majority

of children in all four classes performed on either a transitional or

non-operational level on practically all the tests.

According to information given by the teachers in the self-report

questionnaires administered in the larger study, one teacher was less

experienced than the others in teaching first graders This teacher

also had not obtained the same level as the others in terms of degrees

achieved through formal schooling. The total number of years these

teachers had spent in classroom teaching ranges from 12 to 35 years, so

that they were all alike in being very experienced teachers.

Obtaining:rape Recordings of Classroom Teaching

Making a permanent record of the lessons which can be analyzed

later at some leisure greatly facilitates making a detailed study of the

classroom interaction. The most important step in securing the needed

records was to obtain the cooperation of the teachers. These four

teachers were most helpful in this regard, consenting to the intrusion

of the tape recording) equipment and some rearranging of schedules.

Without their consent and help in securing the cooperation of the chil-

dren in their classes, it would not have been possible to conduct this

study. A second step in obtaining recorded records of teaching sessions

is to try out the procedures before beginning the recording of the

lessons intended for analysis. Such preliminary recording sessions were

also made during times when SCIS lessons were being taught and served to

acquaint both the investigators and their classes with the recording

equipment.

For purposes of this study four teaching sessions from each of the

four classes were recorded producing 16 tapes. For each class the

sessions covered Lessons 20, 21, and 22 from the first grade SCIS Manual,

Material Objects, Chapter III, "Comparison and Serial Ordering of

Objects.' These lessons were recorded during one two-week period in

May, 190.

Each teacher was asked to conduct lessons of at least twenty

minutes and to end them at any point after that deemed appropriate by

her. In general because of scheduling problems, it was decided to stop

recording after about forty minutes, even though a lesson might continue.

1 Since this study was planned, a number of investigators have

fiimed classrooms using video tape. However, the costliness of video

tape equipment prohibited its use for this study.
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Recording Procedures

Recording was accomplished by placing one wireless lavaliere micro-

phone and transmitter on the teacher and one such set on one child in

each classroom. In addition to these "live" microphones, five "dead"

mock-ups were placed on five other children in each classroom so that it

would appear that a microphone was in the vicinity of all the children..

Each of the two "live" microphones transmitted via FM receivers to a

four-track stereophonic tape recorder.1 On the parallel track of the

tape in the recorder receiving from the teacher's microphone, a running

commentary of the teacher's non-verbal behavior, relevant student behav-

ior, and other previously specified activities was recorded. Two obser-

vers who had previously practiced observing these teachers and classes

during preliminary taping sessions alternated in describing each session

so that each observer described half the sessions of each teacher. The

kinds of behavior to be described and the format to be used were

specified in advance

The teacher's speech was transmitted by the microphone she wore as

was the speech of children in her vicinity. Since classroom noise level

affected the clarity of the recordings, when a class discussion type

lesson involving the entire class was being taught, the tape recorder

was put on the setting that allowed it the greatest sensitivity. When

activity was group centered with the teacher, moving,about from group to

group and claSsroom noise level consequently higher; the tape recorder

was put on the setting which tended to limit its sensitivity to voices

in the teacher's immediate vicinity. This reduced interference from

noise and conversation from other parts of the room. In order to

further reduce noise, flannel cloths were placed on tables and desks

during the recording periods.

The advantage of using a wireless microphone setup is that the

recording equipment in no way restricts the teachers' or pupils' freedom

of movement. In fact during a preliminary recording session, one of the

teachers, still wearing the microphone and transmitting to the recorders,

left the room for six or seven minutes to collect some wandering chil-

dren.

Typed transcripts of the teacher-student dialogue and of the obser-

ver's comments were prepared from the tapes. (The tapes from the micro-

phone on the child in each class were used to clarify the teacher

transcript.)

Reliability of Observers' Commentary on Non-Verbal Behavior

After some practice, both observers independently described the

same teacher at the same time in order to provide an indication of the

1 he recording system was designed by Dr. John Swayze.
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reliability:of the observations. When there was lack of agreement
between the observers, it seemed due to three sources. Either observer

might mistakenly record behavior that did not occur, or what seems more
likely, either observer might record behavior missed by the other. A

third source of disagreement in a running commentary format might be in

the language used by the observers. Both might be describing the same

behavioral episode, but different language formulations could disguise

the identity. The behavioral guide was designed to prevent such arti-

ficial lowering of observer agreement.

Observations such as those collected here are subject to another

kind of error. It is conceivable that both observers failed to describe

certain activities. From comparing the observers' commentaries, there

is no way to tell if this occurred, and a percent of agreement estimate

of reliability does not reflect this possible source of error.

When transcripts of the observers' commentaries were compared, it

was immediately apparent that both observers had described the same

classes and events. However, preliminary attempts to estimate relia-

bility by dividing the observations into arbitrary time units were un-

successful. Dividing the data artificially was inappropriate to the'

running commentary format. It was more helpful to employ a more natur-

alistic unit, and a modified version of the episode as described by

Wright (1967) was used to code the observations involved in the relia-

bilit check. Episodes were coded as centering around actions with

science materials and non-verbal behaviors with cognitive significance.

An example of the first is sanding a piece of wood and of the second,

making an illustrating gesture of an incline. Two coders reached a

93 percent level of agreement in using this episode system. Comparing

episoded transcripts of the observations of the two observers indepen-

dently describing the same classrooms at the same time, the observers

were found to be in agreement 79 percent of the time.

The commentaries were an invaluable supplement to the taped

dialogue. The following excerpt from a transcription of dialogue and

the corresponding observer commentary is presented to demonstrate their

usefulness.

The teacher has asked one child to order four red colored

rectangular-shaped cards that vary in brightness. The word "dark" is in

a card holder on the table and the child is to place the red cards in

holders using the property of color brightness. There are also inequal-

ity signs on the table to be inserted between the cards. The other

children are watching the child who is working at a table in front of

the classroom.
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Observer Commentary

Teacher now turns to child arranging materials on the table. He

moves around (missing). Teacher holds up frame with the word "dark"

and one hand on little boy's shoulder. He points to two of them. The

darkest. The two in the middle. The one on the right is darker than

the one on the left and he has the sign with open arrow in front of

one of them. Teacher makes comparison motion, illustrating motion of

balance. She still has the frame with "dark." Holds it up in front

of him. He looks at the frames and holds arrow in his hand and places

arrow between the two he was talking about. Points to the lighter and

the darker and he has arrow between them in the correct direction. He

goes to sit down.

Dialogue

T: Now this is the word. This is the property. What &s it?

C: Dark.

T: And what did you find out?

C: This is darker than that one.

T: Point to really to it. Show us which ones you mean.

C: These two are the ones I'm talking about and this one is darker

than that--this red is darker than that red.

T: Well where's the sign that tell us? There has to be one sign

between the two. If you're comparing two things, you know, like

a balance or an imbalance. This is the word. Now find something

for us that tells us the story. That makes the story. Find the

one you think is--what's the word?

C: Dark.

T: All right. Want to read it?

C: This is less dark than this one.

T: All right and read it the other way. This is - - --

C: This is darker than that one.

T: More dark. All right. Anyone else want to come up and perhaps

put the signs between all four rectangles? You might have to

move them around. What is the property we're thinking of?

Analyzing the Cognitive Interaction

Although there has been a renaissance of naturalistic studies of

classroom interaction, very little attention has been turned to cognitive

variables, and systematic studies of cognitive aspects of the early

elementary school class are very few.

Because of the lack of comparable studies at the first or second

grade level, th6 findings in this study will have to be viewed in rela-

tion to studies of older children.
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The objectives of this part of the study were to find out what
cognitive acts the teachers required of the children, the extent to
which manipulative activity was requested, and what information was
presented. A system was devised which drew upon Piaget for analyzing
cognitive acts and upon the work of Arno Bellack (1966) for obtaining
interaction units.

Interaction Units

Bellack has described four interactional units which classify the
discourse in the classroom a'ccording to the pedagogical function it
serves. The units thus obtained are appropriate to the nature of class-
room give and take, and also allow the isolation, for further analysis,

of utterances with similar functions. There are four "moves" in the
system developed by Bellack. Two of these "moves" or units are initi-
atory (soliciting and structuring), and two are reflexive (responding

and reacting).

By initiatory is meant that in terms of the four moves, solicita-
tion and structuring moves begin discussions, move them forward and
elicit responses and reactions. Reflexive moves come in response or

reaction to the initiatory moves. Responses and reactions are consid-
ered reflexive because they refer to and occu in relation to the moves
that came before.

These moves describe the function or effect of a speaker's utter-

ance vis-à-vis the expectancies and roles of the persons participating
and in the light of the social structure of the classroom. Bellack

views the classroom interaction as an example of verbal activity that

is governed by certain rules of the classroom context. Each utterance

directed to others is consequently a "move" in a metaphorical game.

A solicitation (coded SOL) is a move which is intended to elicit a
response from the person(s) addressed.

Examples:

T/SOL: Now this word says what?

T/SOL: Now who can show us that this was more dark than this?

T/SOL: I wonder if anyone could read this to us first. Just

tell us what these signs tell you?

Structuring moves (coded STR) set the context for sebsequent activ-

ity but do not elicit an immediate response.

Examples:

T/STR: Boys and girls, let's begin this lesson by speaking about

some of the things that we did last week.

T/STR: All right. Now this morning, I'm going to show you four

different rectangles. And let's see if we can put these

in order from the shortest to the longest.
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Responding moves (coded RES) occur only in relation to soliciting

moves and are considered to be elicited by a particular solicitation.

Examples:

T/SOL: You were picking out what?

P/RES: The darkest.

T/SOL: How many agree with Heather?

P/RES: I don't agree 'cause that's light.

T/SOL: And Jonathan, the next one? You don't have much choice,

do you?

P/RES: No, 'cause that's the last one.

Reacting moves (coded REA), while occasioned by any of these moves,

are not directly elicited by them. Rather they modify, rate, or comment

upon any move (including another reacting move).

Examples:

T/REA: Oh I don't see too many hands.

T/REA: Oh you're going to the lightest.

T/REA: And when we say more, we could just say more long, if we

wanted to or longer is by itself.

A more detailed description of the moves accompanied by more exam-

ples may be found in Appendix B which contains a copy of the analysis

system.

Having divided the data into moves, it was then possible to look at

certain groups of utterances. For example, soliciting moves could be

counted for the number requiring manipulative behavior. Similarly, re-

sponses could give an indication of the level at which the children were

handling the material.

SCIS Information

Each move was analyzed for the SCIS information which formed the

context of the utterance. To accomplish this a content analysis of the

informational and conceptual aspects of the Material Objects manual was

prepared. The information presented in the manual was organized into

five major concept classes plus one grouping entitled "scientific

procedures." The five concept classes are: concept of objects, concept

of properties, concept of materials, concept of change, and concept of

variation in properties. Each of the five contains four sub-categories

which range from general to specific and includes a category for. inac---

curate, or in one instance, very concrete, representations of the con-

cept. For the purposes of this report the sub-categories were used only

for the concept of "variation in properties."
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For this concept, the sub-categories were:

1) The meaning of serial ordering

Example: A serial ordering is when you make them into

stairsteps.

2) Discussing actual serial orderings

Example:

T/SOL: How did you order pour dowels?

P/RES: From Ilighest to lowest.

3) Quantifying properties

Example: This rasp is more rough than the vinyl.

These are eqdal height.

4) Failure to quantify

Example: The rasp is rough and the vinyl is smooth.

Cognitive Actions

To determine which cognitive actions were required of the children,

a list of such actions, related to the concept areas tested in the

interviews conducted in the overall study, was prepared. The cognitive

actions listed were drawn primarily from the writings of Piaget and

organized into groups according to his theoretical discussion of the

formation of operational structure. The cognitive acts were organized

into groupings relevant to the achievement of operational structure of

class relations, conservation, seriation, ordination, and transitivity.

Examples:

Seriation

Order your dowels from shortest to longest.

Which is rougher, the rasp or the vinyl?

Class Relations

What properties do these objects have?

This ball is red.
These are both the same color.

Conservation

I rubbed the dust off this piece, but it's still the same wood.

Ordination

This is the third tallest.

Transitivity

I used my finger to measure, and this is longer than this.
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Manipulations and Explanation

Each MDlicitation was examined to determine if it required a re-

sponse involving manipulation of material'in a cognitively significant

manner. Giving out or collecting materials, for example, was not con-

sidered a cognitively significant manipulation of material. Asking a

child to make a serial ordering or arrange two objects with inequality

signs was.

The SCIS 'manual emphasizes the importance of the teacher requesting

the child to give evidence for a classification or conclusion or identi-

fication of scientific materials. Therefore the coder marked each

solicitation requesting an explanation and each other move which itself

was an explanation.

Excerpt from Coded Protocol

The coders listened to the tapes as they coded. The following

excerpt is taken from the selection quoted on page 88.

Teacher: (Move #1)

Pupil: (Move #2)
Teacher: (Move #3)
Pupil: (Move #4)

Code

Move #1:
Move #2:
Move #3:
Move #4:

Now this is the word. This is the property.

What is it?
Dark.
And what did you find out?
This is darker than that one.

T /SOL/VC /C /2

P/RES/VC/C/1
T/SOLtVC/S/1
P/RES/VOC/S/1

Interpretation

Move #1: The teacher solicits for two half-lines expecting

a class relations response dealing with the property, color

brightness, used in the serial ordering. Move #2: The pupil re-

sponds referring to the serial ordering by making a class rela-

tions response about the property used in the ordering, color

brightness. Move #3: The teacher asks for a seriation response

again referring to the ordering by color brightness. Move #4:

The pupil makes a seriation response that deals with the SCIS

content of quantifying a property.

Reliability of the Analysis...System

The reliability of the analysis system was estimated by comparing

for each part of the system, coded sections of protocols independently

analyzed by two different coders. One seven-page section of transcript

was randomly chosen from the transcripts from each of the four classes,

producing a sample of 28 pages of dialogue to be used for the
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reliability check. This sample was used to calculate the reliability
for the pedagogical moves. Another 28-page sample, similarly obtained,
from each of the four classes was coded to check the remaining party, of

the system.

In calculating the various reliability figures, two different for-

mulas were used. One is the standard percent of agreement formula, and

the second is taken from Wright (1967, p. 96):

Estimate of Accuracy Episodes Marked by X Marked Also by Y

Episodes Episodes
Marked by X Marked by Y

2

In this formula, X and Y represent independent coders. This formula was

applied to the two situations which involved differentiating units or

characteristics in a mass of data. For the Bellack system, this
involved identifying an utterance as being a move (without classifying

it as a response or solicitation, etc,), two moves, or a part of a move.

This formula was also used to calculate the coder agreement in recog-

nizing a move as involving an explanation. Thus the formula became, for

moves,

Number of Units Marked by Both Coders

Units Units
Identified by X Identified by Y

and for the explanations,

Moves Marked as Involving Explanations by X and Y

Moves Marked Moves Marked
as Xpl's by X as Xpl's by Y

2

The percent of agreement formula was used for the parts of the

category system that involved choosing from a set of mutually exclusive

categories. These parts included the following: (1) classifying a move

as responding, soliciting, structuring or reacting; (2) selecting SCIS

contents; (3) selecting cognitive processes; (4) identifying a solicita-

tion as asking for a manipulative response. (Asking for a manipulative

response was only one of a number of categories to which solicitations

could be assigned.)

The estimate of accuracy is .96 for identifyirig units in the data

The coders agreed in 92 percent of the cases when classifying them as

either responses, solicitations, structuring or reacting moves. In

selecting the SCIS context, they agreed in 82 percent of the cases, and

in identifying the kind of cognitive tasks required, 93 percent of the

time. The percent of agreement for the reference medium, involving the

category of "solicitations requesting manipulative responses" was
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91 percent. The estimate of accuracy in recognizing moves involving

explanations is .93.

Findirms

The findings presented here should be viewed against the information

presented in Table 13. In this table the utterances that were not

codable, either because transmission was inadequate or the coder was

unable to assign them to any category are presented as percents of the

total number of moves for each class.1 This is being done even though

it is quite possible that a single noncodable utterance would not cor-

respond to a single move. Expressing the amount of noncodable speech in

this manner, however, gives an approximation of the amount of data that

is excluded from the analysis. As may be seen for the teachers, this is

a negligible amount, while for the pupils, it is more substantial.

While bearing in mind this limitation of the data, the number of

noncodable utterances will not be included in the calculations.

The four sessions in Class 1 averaged 28 minutes in length, those

of Class 2, 34 minutes in length, Class 3, 35 minutes, and in Class 4,

the average length of a session of 32 minutes. The shortest lesson,

lasting 22 minutes, was taught by the teacher of Class 1, and the

longest, lasting 47 minutes, by the teacher of Class 2.

Table 13

Noncodable Utterances Expressed in Terms of Percent of

Moves for Teachers and Pupils for Each Class

Percent of
Percent of

Teacher
Pupil

Total Number
a
of Utterances Total Numbera of Utterances

Class Teacher Moves Not Codable Pupil Moves Not Codable

1 961 2.1 540 14.4

2 1335 1.6 844 11.1

3 1397 .2 862 10.2

4 916 2.2 590 17.6.
a This figure is the tctal number of moves coded plus the number of

noncodable utterances. In all other calculations the total number of

moves coded is used and the noncodable utterances are not included.

1 Findings are presented for all four sessions of each class

combined, unless otherwise specified.
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A total of 7,018 moves were made during the sixteen taping sessions,

ranging from approximately 1,400 moves for two of the classes to about

2,100 per four sessions for the other two classes. This yielded

average of 439 moves per session, During the sixteen sessions, 1 586

lines were spoken, the range for the four classes being approxima aly

2,500 to 3,700 lines. The average number of lines per session was 786.

The volume of moves is similar to that found by Fey for junior high math

classes. In these classes there was an average of 475 moves per session.

However, a greater number of lines, 1,019 per session, were spoken in

the older classes (Fey, 1968, pc, 73).

Role of the Teacher and Pupils

The results concerning the respective proportion of the verbal

activity by teacher and pupil as represented in moves are presented in

Table 14. As Table 14 demonstrates, the teachers did more talking than

did the pupils in each of the four classrooms. The teachers spoke be-

tween 63 to 67 percent of the moves, consisting of 71 to 79 percent of

the lines. This yields a teacher-pupil ratio of approximately 3 to 2

for moves and 3 to 1 for lines. (The percents for the individual

sessions from each class are similar to those presented here.)

Table 14

Percent of Lines and Moves for Teachers and Pupils

in Each Class' and for All Classes Combined
.116.1..1.0*

Class Teacher Pupil

1

,...
Moves 67.1 32.9

Lines 79.0 21.0

2

Moves 63.7 36.3

Lines 73.1 26.9

3

Moves 64.3 35.7

Lines 71.5 28.5

4

Moves 64.8 35.2

Lines 72.3 27.7

Classes
Combined

Moves 64.8 35.2

Lines 73.7 26.3
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These findings are strikingly similar to those reported by Bellack

(1966), Fey (1968), and Hoetker (1969) who also analyzed recordings of

classroom lessons for pedagogical moves. They found approximately the

same percents of teacher/pupil moves and lines even though they studied

senior high school social studies, junior high math, and junior high

English classes, respectively. In each of these studies, the ratio of

teacher to pupil moves was found to be about 3 to 2, and teacher to

pupil lined about 3 to 1. At least in this very basic aspect of divi-

sion of verbal activity, these first grade classes are very similar to

classes of much older pupils.

In Table 15 are presented the distribution of moves according to

pedagogical category for each class and all classes combined. The pre-

dominant activity is soliciting? both in moves and line count, with

approximately equal amounts of responding and reacting, and a substan-

tially smaller amount of structuring. As compared to Fey (1968), a

larger amount of speech is devoted to soliciting in the first grade

classes than in junior high school classes.

Table 15

Percent of Moves in Each Pedagogical Category for Teachers and

Pupils Combined for Each Class and for All Classes Combined

Class SOL RES STR REA

1

Moves 44.5 19.7 3.2 31.9

Lines 48.3 13.6 11.5 26.6

2

Moves 45.1 26.6 3.9 24.5

Lines 52.0 20.5 7.0 20.5

3

Moves 47.2 26.0 3.9 26.2

Lines 46.3 21.0 9.2 23.5

4

Moves 43.4 28.0 5.3 23.3

Lines 46.7 22.9 9.6 20.8

Classes
Combined
Moves 45.3 23.9 4.2 26.6

Lines 48.4 19.6 9.2 22.8

Aside from differences in amount of verbal activity performed by

teacher and pupils, there are differences in the pedagogical roles of

the teacher and pupil as evidenced by the pedagogical moves each is most

likely to make. In Table 16 are presented the percents of each category
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Table 16

Percent of Moves by Teachers and Pupils
in Each Pedagogical Category for Each Class

Solicitations

Class
Number of
Moves

Percent of Moves
by Teachers

Percent of Moves
by Pupils

1

2

3

4

625

930

980

600

84.3

92.2

84.7

93.7

15.7

7.8

15.3

6.3

Responses

1 276 13.0 % 87.0

2 548 3.5 96.5

3 539 10.9 89.1

4 387 5.2 94.8

Structurings

1 55 100.0 0

2 81 91.4 8.6

3 81 95.1 4.9

4 73 94.5 5.5
!TTI.

Reactions

1 447 72.3 27.7

2 505 72.1. 27.9

3 568 75.4 24.6

4 322 76.1 23.9

of pedagogical move made by teacher and pupil. Initiatory moves are
almost always made by the teacher. These teachers make from 84 to
93 percent of the solicitations and 91 to 100 percent of the structuring
moves. Pupils, in turn, do most of the responding; 87 to 96 percent of
the responses were made by them. Teachers' reflexive moves are primar-
ily confined to reacting. As Bellack has observed, the pupil and
teacher do indeed play complementary roles in the classroom. Although
there are slight differences in the percents among the teachers studied
here, particularly in the percents of responses, what is most striking



is the similarity among them in overall division of the classroom roles.

As'before, these results are quite similar to those reported by

investigators who studied junior high and high school classes, the

teachers playing the role of initiator and reacting to the pupils'

responses (Bellack, 1966; Fey, 1968).

Tables 17 and 18 present the percent of moves in each pedagogical

category for teachers and pupils. Of the moves made by the teacher,

60 percent are devoted to soliciting, and approximately 30 percent to

reacting. For the pupils, 57 percent of theit moves are responses,

17 percent to reacting with almost no structuring moves. Although there

were some variations among the teachers studied, again, the similarities

far override any differences in the distributions of the moves. As com-

pared to Bellack's teachers, these first grade teadiers devoted a

greater percent of their moves to soliciting. (His teachers spent

approximately 47 percent of their moves in soliciting.) The students he

observed gave a greater proportion of responses than did the fil,t

graders studied here, but the first graders devoted more lines, in terms

of percents, to responding than did Bellack's high school students

(bellack, 1966, pp. 47-48). Despite these differences, the classes are

basically similar to those studied by Bellack in the patterns that pre-

vail of teacher solicitations and pupil responses.

Table 17

Percent of Teachers' Moves and Lines in Each

Pedagogical Category for All Classes Combined

Pedagogical Move

Percent of Teachers'
Total Moves

Percent of Teachers'

Total Lines

Solicitations
60.2

61.1

Responses
2.9

2.1

Structurings
6.0

12.1

Reactions
29.5

24.7

100
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Table 18

Percent of Pupils' Moves and Lines in Each
Pedagogical Category for All Classes Combined

Pedagogical Move
Percent of Pupils'

Total Moves
Percent of Pupils'

Total Lines

Solicitations 14.6 12.9
Responses 65.3 68.7
Structurings .6 .9

Reactions 19.5 17.5

Pedagogical Role and Substantive Content

The remaining findings to be presented are restricted to those
moves that focused on SCIS content and that involved the cognitive
actions being studied here.

Example of move with substantive content:

T/SOL: Order your sticks by length.

Example of move without substantive content:

T/SOL: Would everybody please sit quietly?

Ir Table 19 are given the percents of moves that contained such sub-
stantive material. As can be seen, in terms of both lines and moves,
the majority of the moves were devoted to the material to be covered.

Table 19

Percent of Moves and Lines in Each Pedagogical Category
Refer--Ing to Substantive Content for All Classes Combined

.111111111111MW.W....0.10111.1..***

Pedagogical Move
Percent of Moves

Substantive
Percent of Lines

Substantive

Solicitations 67.0 70.5

Responses 84.3 ' 85.2

Structurings 74.8 78.8

Reactions 69.2 74.0

All Moves 73.2 74.9

Note.--By substantive content is meant moves with SCIS context and
involving cognitive tasks.
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A closer analysis of this is presented in Table 20. Here the percent of

total moves in each pedagogical category that are substantive is given

separately for the teacher and pupils in each class. What is of inter-

est here is that for all classes, only a minority of teacher responses

and pupil solicitations deal with substantive material. Only 15 percent

of all pupil moves are solicitations to begin with, and of these less

than a third deal with substantive matters. Apparently when these

pupils did solicit, it was in reference to either procedural matters or

other matters not related to the lesson. Except for pupil solicitations

and teacher responses, most of the classroom discourse does deal with

the lesson material to be presented. Despite some variation, the

teachers are alike in the percents of moves devoted to substantive mate-

rial. These first grade classes spend less of their time on the lesson

material than do the high school and junior high school classes studied

by Bellack (1966) and Fey (1968).

In Table 21 are presented the number of lines per move for the four

classes for each pedagogical category. As could be expected, teachers'

moves tend to be longer than their pupils'. Teacher solicitations are

longer than pupil responses and the teachers' structuring moves are the

longest moves of all. The teachers and pupils in each class are similar

in the length of their moves. For all classes combined and teacher and

pupil moves combined, there were 1.86 lines per move. This count is

shorter than the lines per move reported by Fey, 2.2, and Bellack, 5.7

(Fey, 1968, p. 78). Evidently these younger children and their teachers

carried on discussion with shorter utterances than did their older

counterparts.

Cognitive Processes

One of the major tasks posed for this analysis was to provide some

direct evidence about the cognitive processes actually used in the

classroom. In Table 22 is presented the percent of moves referring to

each category of cognitive process. The percents are not given for dif-

ferent kinds of moves, since the same teacher-pupil patterns held for

moves with substantive content as for the entire discourse. Neither are

they presented separately for teacher and pupil since the pattern of

teacher soliciting/pupil responding prevailed for the substantive moves.

For all classes, the largest percent of moves dealt with seriation pro-

cesses followed by class relations processes. Since the lessons to be

taught involved the comparison and serial ordering of objects, this

might be expected. The analysis of the SCIS program presented in

Chapter III had found a preponderance of suggested responses dealing

with the logic of classes. The large number of moves in this category

suggests that some of the emphasis in the program is reflected in the

classroom discourse. Despite the lack of emphasis in the curriculum on

number, in three of the classes, 2 to 3 percent of the moves involved

numerical content.
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Table 20

Percent of Moves in Each Pedagogical Category Referring to
Substantive Content for Teacher and Pupil in Each Class

Solicitations

Percent of Total Percent of Total

Teacher Moves Pupil Moves

Class Substantive Substantive

1 76.7 33.7

2 73.0 28.8

3 69.5 24.7

4 69.2 36.8

Responses

1 11.1

2 21.1

3 8.5

4 30.0

6.11111.

89.6

88.1

90.4

91.0

Structurings

1 80.0

2 74.3

3 72.7

4 73.9

0

71.4

75.0

75.0

Reactions

1 80.8 61.3

2 70.3 48.9

3 78.5 42.9

4 67.3 66.2

Note.--By substantive content is meant moves with SCIS context and

involving cognitive tasks.
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Table 21

Average Number of Lines Per Move by Pedagogical Category

for Moves Referring to Substantive Content

by Teacher and Pupil for Each Class

Class

SOL

110If
RES STR REA

Teacher Pupil Teacher Pupil Teacher Pupil Teacher Pupil

1 2.37 1.21 1.75 1.36 6.11 --- 1.91 1.12

2 2.11 1.19 1.00 1.35 3.44 2.20 1.56 1.29

3 1.93 1.08 1.40 1.46 4.52 1.33 1.70 1.23

4 2.02 1.29 2.00 1.53 3.51 1.00 1.79 1.18

1.I..."."W1O.I.IYNIIIM

Table 22

Percent of Moves Referring to Each Category

of Cognitive Process for Each Class

Teacher and Pupil Combineda

Cognitive Tasks

Total No. Class Conser- Seria- Ordina- Transi- (Conser-

Class of Moves Relations vation tion tion tivity vation)b
4..

1 765 36.2 0 60.0 0.3 0.5 3.0

2 1176 44.6 0.7 50.2 0.4 0.3 3.8

3 1219 28.1 1.5 67.8 0.4 0.3 2.1

4 775 39.7 0 58.6 0 1.4 0.3

a SOL-A's and REA-A's are excluded.

b Although these moves involve actions relevant to conservation,

their context was simply evaluating the number of objects in a set.
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In Table 23 is presented the percent of moves referring to the

various SCIS concept categories. Here again the classes are more alike
than different in the distribution of the moves. The concept of "varia-

tion in properties" and the concept of "properties" dominate the
discourse. Taken together with the predominance of moves relating to
seriation and class relations, it would seem that class relations pro-
cesses were used in connection with the property category, and seriation

with the concept of variation category. The category of science proce-

dures for these lessons invoi.ved primarily discussion about the meaning

of inequality signs and their use.

Teachers 2 and 3 each conducted one lesson in which there were many
moves for which SCIS concepts of "properties," "objects," and "variation"

were applied to non-SCIS materials such as ordinary classroom objects.

The other two teachers did not pursue this kind of extension of the

concepts presented.

Table 23

Percent of Movesa Referring to Each SCIS Category
for Each Class, Teacher and Pupil Combined

=01.0111.

SCIS Categories

Class
Total
Moves Object Property Material Change Variation

Science
Pro

1 921 10.7 14.3 3.8 .3 64.5 7.4

2 1308 10.6 26.9 2.5 .9 51.8 7.3

3 1421 9.1 17.5 .6 1.3 65.5 6.1

4 923 4.3 26.7 3.0 .4 58.7 6.8

a SOL-A and REA-A pedagogical moves are excluded.

Within the "variation of properties" category, a finer analysis of

the distribution of the moves was made. They were categorized as to the

level of generality at which they presented the concept of variation as

described on page 93. In Table 24 is presented the percent of moves at

these levels for each class. As can be seen, discussing actual order-

ings and quantification of properties received the largest percents, and

these two concepts were emphasized in the manual. Two of the teachers,

3 and 4, devoted a greater percent of moves to the more general level

discussions about what serial orderings are than did the other two

teachers. These two classes also produced comparatively fewer failures

to quantify responses than did the other two classes. Despite such

relatively small differences, the data tend to highlight the similari-

ties among the four classes. This can be further seen in Table 25 which
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Table 24

Percent of Moves for Each Sub-Category Dealing With

Variation in Properties for Each Class
Teacher and Pupil Combined

Class

Categories

Nature of
Serial

Ordering

Actual
Serial

Ordering

Quantifying
Properties

Failure to
Quantify

1 3.9 67.6 26.9 1.5

2 4.7 58.1 35.4 1.9

3 7.5 51.6 40.1 0.8

4 10.2 58.3 31.2 0.4

Table 25

Rank Ordering of Properties
Serialized and/or Quantified in Each Class

Class

Rank 1 2 3 4

1 Length/Heighta Length/Heighta Size Length/Heighta

2 Color Color Length/Heighta Size

Brightness Brightness

3 Size Size Color Color

Brightness Brightness

4 Bounciness Bounciness Other Texture-Other
c

5 Texture Form Hardness

a Length and height were used interchangeably.

b
This category includes miscellaneous properties not readily clas-

sified into the more common property names, and usually not suggested by

the manual.

The same number of moves focused on the categories of "texture"

and "other" in Class 4.
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orders the properties involved in serial orderings and quantified rela-

tions for each class by the frequency of moves pertaining to them. For

all classes, length/height, global size, and color brightness are the

three properties most frequently involved in the discourse. The kinds

of materials provided, dowels and cards varying in color brightness,

would lead one to expect such a result. The extensive use of the size

category, however, might reflect a more global approach to identifying

properties than the SCIS curriculum would prefer. In addition to the

properties presented in Table 25, less frequently mentioned properties

that were discussed in almost every class were diameter size, width,

shape, heaviness, and in two classes, hardness.

Manipulation of Material

According to the analysis in Chapter III, one-third of the re-

sponses were to require direct manipulation of physical objects by the

children. In Table 26 are presented the percents of cognitive solici-

tations that directed manipulative responses. For the teachers there

was quite a wide range in the percents, from a low of about 10 percent

to a high of 25 percent. Unexplainedly, the teacher with the lowest

proportion of solicitations directing manipulative responses had the

greatest proportion of such solicitations coming from pupils. None of

the teachers required as many manipulative responses as suggested by the

manual. Of course the number of manipulative responses actually made by

the children is unknown, and it may be that the percent of solicitation

directing manipulative activity is not a good indication of the amount

of manipulative activity that actually occurred.

Table 26

Percent of Substantive Solicitations Requesting

Manipulation of Material for Each Class

Class

Speaker 1 2 3 4

Teacher 25.2 20.1 14.2 9.8

Pupil 15.2 0 13.5 21.4

Explanations

Another emphasis in the SCIS program was in having the child give

evidence or reasons or explanations for his statements. Therefore the

data were analyzed for the number of explanations the teachers requested

from their pupils. These data are presented in Table 27 along with the

percent of explanations made by the pupils (in terms of moves) in each

class. Only between 9 and 13 percent of the teacher solicitations

called for explanations and between 10 and 15 percent of the pupils'

moves are explanations.
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There were only two pupil requests for explanations, one such pupil

solicitation occurring in Class 3 and the other in Class 4.

Table 27

Percent of Substantive Moves Involving Explanations
for Each Class for Pupil and Teacher

Class

Moves Involving
Explanations 1 2 3 4,

Requesting
Explanations

Percent of Teacher 9.4 12.6 10.4 12.9

Solicitations

Giving
Explanations

Percent of Pupil 12.7 9.6 10.7 14.6

Movesa

a This includes Pupil STR, RES, and REA moves.

Discussion and Summary

What emerges from the findings presented in this chapter is that the

the four teachers studied were very similar to each other in the ways

they structured the activity in their classes, and the pupils were simi-

lar in their responses to the teachers. Despite variation in the actual

number of moves and lines involved, approximately the same percents of

moves and lines were devoted to teacher and pupil roles in all four

classes. What is also clear is that the teachers dominated the dis-

course not only by speaking the majority of lines and moves, but also by

the kind of pedagogical moves they made. The teachers did by far most

of the soliciting and structuring, thus acting as the initiators of the

discourse. The pupils were left to respond and react. The tendency is

heightened for discourse involving substantive material. This was so

despite the guidance of a curriculum which sought to encourage experi-

mentation in the presentation of activities. Whatever the SCIS program

has taught these teachers, according to these findings it has not taught

them to adopt different pedagogical roles from those of teachers studied

by other investigators. Whether or not the recording procedures had a

repressive effect on the teachers and pupils is not known. In addition,

since the teachers were presenting lessons they had never taught before

and which they considered difficult, perhaps they felt compelled to

follow the manual closely.
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Young children are thought to be very curious about their environ-

ment and prone to ask many questions. Yet the children studied here

rarely asked questions, and more rarely asked about the material being

taught, and almost never requested explanations. Except: for the large

number of properties in the "other" category, there was little evidence

of the spontaneity the program had hoped to create. The teachers taught

as did teachers with much older pupils. For example, the SCIS program

did not emphasize vocabulary learning. Yet informal observations made

during preliminary taping sessions indicated that some of the teachers

spent a good deal of time in teaching material names such as polystyrene,

vinyl, oak, balsa, lead and brass. Perhaps with this kind of tradi-

tional teaching it is not possible to create the atmosphere the authors

of the SCIS program would prefer.

These first grade classes were strikingly similar to junior and

senior high school classes in the division of teacher-pupil verbal

activity and in the pedagogical roles assumed by teacher and pupil. To

what extent these first grade classes are typical of first grade class-

rooms in general is not known. The small size of the sample dictates

caution in interpreting the findings. However, the similarity of these

classes to the other classes studied by other investigators suggests

that the patterns of roles in the classroom are established very early

in the child's school career, and are resistant to change.

As reported in this chapter, the four teachers were similar in

their ways of handling the SCIS material. The concepts the manual

emphasized were the ones emphasized in the discourse. As intiator, the

teacher directed a substantial portion of the discourse to certain sub-

stantive categories, and in the role of responding, the pupils followed

the teacher's lead.

Fewer manipulative responses were required of the children than

were proposed by the manual, and only a small percent of responses were

expected to involve explanations.

It should be noted that this analysis has focused on the teacher-

pupil interaction emd pedagogical roles. The pupil-pupil interactions

and pupil self-activity also deserve study, and are probably equally as

significant as the teacher-pupil interaction. Other interesting aspects

of classroom learning such as the playful quality of many of the pupils'

actions in relation to the material is missed by this kind of analysis,

and perhaps it is here that the children's curiosity and creativity is

most likely to be expressed.

The congruity or lack of it between teacher solicitations and pupil

responses would also provide another avenue for analysis. Indeed,

teachers attempting to analyze their own remarks in terms of this kind

of coding system might be surprised at the difficulties caused by vague-

ness and ambiguity in their questions and reactions.

109



In final comment, despite the program emphasis on exploration and

discovery, the pattern of the teacher's dominating the discourse pre-

vailed. This finding might disappoint those who expect a revolution in

teaching to occur in response to new curricula. However, research find-

ings suggept that the traditional
teacher-pupil roles are pervasive and

well established. It is probably unrealistic to expect changes in style

of teaching to accompany the introduction of improved academic content.
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CHAPTER VI

THE RESULTS: EFFECTS OF INSTRUCTION

The major question in this study has to do with the effects of

early instruction on the logical thinking abilities of young children.

Four groups were studied from kindergarten. For two of these, instruc-

tion included prescribed programs in both science and mathematics. A

third group had only the mathematics program. The fourth group had no

program of prescribed lessons. In the first grade two additional groups,

neither of which had had prescribed lessons in kindergarten, joined the

study. The two additional groups had a mathematics program closely

resembling, but not identical to, the mathematics program used in the

groups that had entered the study earlier. One of these additional

groups had a prescribed program in science. The other did not.

Table 4 in Chapter II shows for each group the number of children

who remained in the study to its completion. The thought processes of

the children beginning in kindergarten were assessed in the fall of 1965,

again in the fall of 1966, and finally in the fall of 1967, while those

beginning in the first grade were assessed only in the fall of 1966 and

the fall of 1967. In this chapter reference is made only to the longi-

tudinal groups, that is, those children in the six groups who were

present for all the interviews for their particular groups.

The measure of logical thinking, used in the fall of second grade

when the average age of ne children was seven years and four months,

consisted of a series ol ,iaget-derived tasks. This chapter first de-

scribed the overall per-nance of the children in these post-test tasks,

taking into account certain related variables. Then, addressing the

major questions of the study, the performance of the groups with differ-

ing kinds of instruction is examined, again with consideration of

related variables. In the succeeding chapter, the specific tasks are

examined in more detail and some of the relationships among them

explored, and interpreted in the framework of Piagetian theory.

The Post-Test Measure of Logical Thinking

Initially each kind of task included in the post-test was scored or

coded in such a way that: partial credit could be given. For example, in

the conservation tasks a child, could receive credit for conserving

number even if he did not conserve quantity. Or in the class inclusion

tasks a child could be given variable credit depending on whether he

responded correctly in one, two, three or four of the tasks. Such par-

tial credit identifies the child who in that particular type of task can

be regarded as transitional. He is beginning to use an operational mode

of thought, but he is misled when a problem is posed him in a slightly

different way, or when confronted with a request for an explanation, he

assumes himself to be wrong and changes his view. In some instances he

begins to catch on to the logic of the problem as the questioning pro-

ceeds, but the interviewer using a standard procedure has no way of
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knowing whether the child would maintain: the apparent insight if the
questioning proceeded further.

Evidence from other studies indicates that the typical seven-year-
old would be transitional rather than operational in most of the tasks
of the post-test. However, it seemed appropriate to use a stringent
test of the effectiveness of the programs of instruction, requiring that
the child show a preponderance ofe operational responses before he was
credited as an operational thinker. For this purpose no partial credit
was given. Each kind of post-test task, except the matrix, was rescored
on a 0 (not operational) and 1 (operational) basis as follows:

Conservation of number and quantity. One (1) for
conservation in all three tasks. Zero (0) for all
other combinations.

Conservation of weight. One (1) or zero (0) as
originally scored for overall performance.

Class-inclusion. One (1) for correct solutions in
all four tasks. Zero (0) for all other combinations.

Seriation. One (1) for a combined score of 30 in
tasks A and B. Zero (0) for all other scores.

ucdination. One (1) for a combined score of six (6)
in tasks A and B. Zero (0) for all other scores.

Reordering. One (1) for a combined score of two (2)
in tasks A and B. Zero (0) for all other scores.

Transitivity. One (1) or zero (0) as originally
scored for overall performance.

Figure 1 shows the number of children whose scores clearly showed
that they were thinking on an operational level in dealing with the
tasks used in this study. Obviously the tasks differ in level of diffi-
culty. Over half of the children succeeded in the least difficult task- -
conservation of number. In contrast, less than 10 percent were opera-
tional in the reordering and class inclusion tasks. Ordination is more
difficult than conservation, but easier than conservation of weight or
transitivity.

The data were next examined to see whether any overall patterns
could be detected. The tasks represent three different kinds of opera-
tions that are essential for logical thinking: conserving, classifying,

and serial ordering. For each operation Piaget has shown a typical
sequence of development, illto which the tasks included here might be

expected to fall. Thus children would be expected to conserve number
and quantity before they would be able to conserve weight, to arrange a
series before they could solve the problem of ordination, and to accom-
plish both these before they could reorder a series that has been
scrambled. The transitivity problem may be regarded as a problem of
the seriation type, successful solution following seriation and ordina-
tion and possibly reordering. The transitivity problem may also be
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regarded as an extension of the conservation problems involving the con-

servation of length. Successful solution of the inclusion problems,

representing the most advanced sort of classification, would be expected

to follow after solution of the less difficult classification problems

represented in the matrices. (The analysis of the matrix problems is

separated from the analysis of the other tasks for reasons suggested in

Chapter II and elaborated in this chapter.)

On a theoretical basis, then, one might expect to find an ordering

of the conservation and seriation kinds of tasks, and then be able on an

empirical basis to combine these orders with each other and with the

class inclusion task in such a way that the performances of the children

could be classified according to predominant patterns.

Overall Performance, All Programs Combined

For seven kinds of tasks, each kind receiving a score of 0 or 1,

128 patterns are possible. Actually, among the children in the study

for whom complete data were available,' 78 different patterns appeared.

Of these the pattern 1 1 1 1 1 1 1 (clear evidence of logical thinking

in all seven kinds of tasks) appeared only three times, and the pattern

0 0 0 0 0 0 0 (no evidence of operational thinking) appeared 136 times.

Three other frequent patterns were 1 0 0 0 0 0 0 (operational only in

conservation of number and quantity) shown by 55 children, 0 0 0 0 1 0 0

(operational only in ordination) shown by 31 children, and 1 1 0 0 0 0 0

(operational in both conservation of number and quantity and weight)

shown by 26 children, No other patterns appeared as frequently as these.

In 314 cases the patterns conformed to what might have been

expected on the basis of the sequences described above. In the remain-

der of the patterns children were scored operational in theoretically

more difficult tasks when they had not been scored as operational in

less difficult tasks. As is suggested in Figure 1, ordination did not

prove to be more difficult than seriation. Transitivity tasks also were

less difficult than might be anticipated on the basis of the theory.

Twelve children were scored operational in the transitivity task and in

no other. Class-inclusion, clearly the most difficult task, was scored

operational for another sixteen children whose performance in a majority

of the other tasks was not operational. These and other variations ren-

dered attempts to order the patterns on the basis of theory unsuccessful.

Attempts to order them empirically on the basis of the apparent diffi-

culty of the tasks were also unsuccessful.

Considering the narrow age range of the group, the general unrelia-

bility of performance of children under the age of eight, and the inclu-

sion of four kinds of operations in the patterns, the expectation of

ordering them was, perhaps, unwarranted. As Table 28 indicates, the

1 The reader will note that the total number of children varies in

some of the tables. This is because some protocols had missing informa-

tion and could not be used in all of the analyses.
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Fig. 1. Proportion of 628 second grade children with clearly

operational performance in seven kinds of post-test tasks.
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correlations between the tasks are low. This suggests that for seven-

year-olds, the prediction of an operational response from one task to

another is hazardous even when the tasks bear as close a theoretical

relationship to one another as do the two conservation tasks or the

seriation and ordination tasks.

Table 28

Intercorrelations
Coefficients) for Performance

on Post-Test Tasks of 629 Children at

Beginning of Second Grade, Based on

0-1 Scores for Evidence of Operational Thinking

Nwfwantawova

Conserva- Conserva- Class

tion of tion of inch"- Seria- Ordina-

Number Weight sion tion tion

1 2 3 4 5

Re-
order- Transi-
ing tivity

6 7

.11..........*

1. Conservation
.32 .18 .26 .20 .11 .21

of Number

2. Conservation
of Weight

- .13 .20 .20 .32 .18

3. Class
- .20 .11 .22 .15

Inclusion

4. Seriation
.21 .21 .13

5. Ordination
- .14 .19

6. Reordering

.09

7. Transitivity

It may be argued that items with correlations of similar size are

sometimes combined in tests of achievement, thus justifying a summation

of the number of tasks in which each child was clearly operational as a

total score for operational thinking. This argument is rejected on two

counts. First, such pooling masks the individuality in development

which is so characteristic of the young child. Second, it may mask the

differential effects of particular programs of instruction. The extent

of such effects is apparent in Table 29.

This table shows for all programs combined, and for each program

separately, the percent of children who were scored operational in the

seven kinds of post-test tasks. Before the extent of the differences

among the programs is considered, the performance of the children in all

the programs combined will be examined, giving attention to some of the

variables that may affect it.
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Table 29

Percent of Children in Six Programs Clearly Operational

in Seven Post-Test Tasks at Beginning of Second Gradea

Percent Operational

Program

Conservation
of

No. Wt.

Class
Inclu-
sion

Serial Ordering
Transi-
tivity

No. of

Chldrn.
Seria- Ordina- Reorder-
tion tion ing

All
Programs

58 35 8 30 40 10 26 628

41111.0Y01MOINIORNOIR",

Initiated in Kindergarten

AAAS 70 41 9 24 35 6 40 93

(GCMP)

SCIS 68 40 13 35 37 13 13 79

(GCMP)

GCMP 55 38 11 34 49 15 19 122

Only

No Pre-
scribed

67 39 4 38 48 6 37 136

Lessons

Initiated in First Grade

SCIS 45 27 7 23 32 12 19 113

(Meth)

Math 45 25 5 25 34 7 22 85

Only

a Based on 0-1 scoring procedures. Percents given represent the

number of children in each task scoring 1.

b Total, including those not operational, who attempted each of

the seven kinds of tasks.
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Related Variables

Sex

On an overall basis, the performance of the boys and the girls (see

Appendix C) is strikingly similar.

PPVT

In considering the possible relations between performance on the

Peabody Picture Vocabulary Test and performance in the post-test tasks,

the nature of the PPVT and the conditions of its administration need to

be borne in mind. it is essentially a test of auditory comprehension.

Hence, I.Q.'s obtained with it are at best only roughly comparable with

other measures of mental maturity. The groups who began instruction in

kindergarten were tested at the beginning of the kindergarten year, so

that the results for them are likely to be less reliable than the

results for the groups who began instruction in first grade and were not

tested until then.

Table 30 shows three I.Q. groups: 110 and above, 90 to 107, 89 and

below. The top group includes the PPVT classification of "rapid

learners" (110-124) and "very rapid learners" (125 and above), and the

lowest group, includes "very slow learners" (below 75) as well as "slow

learners" (75-89).

In preliminary analyses of the post-test tasks, the performances of

47 children who were in the PPVT I.Q. group of 125 and above were exam-

ined separately from those of the 214 children with PPVT I.Q.'s from

110 to 124. They were sufficiently similar to warrant combining them

with the adjacent group. So few children scored in the PPVT I.Q. range

below 89 that no attempt was made to differentiate the "very slow" from

the "slow" learners in the posttest tasks.

Examination of Table 30 shows that for each task the percent of

children who are clearly operational is largest for the group with the

highest PPVT I.Q.'s and lowest for those with the lowest PPVT I.Q.'s.

The differential effects as related to the programs of instruction are

considered later.

Socioeconomic Status

Information regarding socioeconomic status was available for 558 of

the 628 children for whom there were PPVT I.Q.'s and is also shown in

Table 30. The overall post-test performance of the two groups is simi-

lar although the breakdown into three groups by socioeconomic status is

not completely parallel to the breakdown by PPVT I.Q. The Pearson

product moment correlation between PPVT I.Q. scores and S.E.S. scores is

.28. As Table 30 indicates, larger percents of the children in the

upper socioeconomic group are clearly operational in all tasks than is

the case for those in the lower groups.
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Table 30

Percent of Children in All Groups Combined, Categorized by

I.Q.a and S.E.S.,b Clearly Operational in Post-Test Tasks
at Beginning of Second Grade

Task

Percent Operational

PPVT I.Q. S.E.S.

All
f.Q.'s 110+ 90-109 89-

All
Levels 80+ 40-79 39-

Conservation
of Number

58 70 54 35 60 69 43 50

Conservation
of Weight

35 49 29 10 37 43 28 17

Class 8 14 5 0 8 12 3 2

Inclusion

Seriation 30 40 27 9 31 39 17 13

Ordination 40 47 40 16 41 45 32 33

Reordering 10 13 8 4 9 12 3 4

transitivity 26 32 24 10 27 31 17 22

Total Number 628 260 289 79 558 363 149 46

of Children

=11110
a

Peabody Picture Vocabulary Test, Form A.

b Based on U.S. Bureau of the Census, Methodology and scores of

socioeconomic status. Working Paper No. 15, Washington, D.C., 1963.

(Occupations transformed to socioeconomic status: Levels above 80,

professionals and managers; between 40 and 79, skilled workers; below 39,

largely unskilled.)

Includes only those children for whom information concerning

socioeconomic status was available.
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Initial Conservation Status

Table 31 shows the second grade performance in post-test tasks of

the children who entered the study in kindergarten in relation to their

conservation status at that time. It also shows the second grade per-

formance in post-test tasks of all the children in the study, including

both those who entered in kindergarten and those who entered in first

grade, in relation to their status in conservation in the first grade.

As far as the children are concerned, for whom kindergarten status

is available, it is clear that the percents of children who are opera-

tional in the second grade tasks are higher among those who conserved in

all three tasks in kindergarten than among those who were not conserving

at all in kindergarten. The differences between those children who con-

served in only the easiest task (number after counting), and those who

also conserved in the more difficult conservation of number task are not

great, nor are they consistent. This is in line with previous findings

(Almy, Chittenden and Miller, 1966) regarding the relative difficulty of

the conservation tasks at the kindergarten level and their relationships

to later performance.

In contrast, when the performance of all the children in the post-

test tasks is viewed against their first grade conservation status, the

increases in the percent of children who are clearly operational appears

to be more consistently related to the earlier status. The trend is for

the group who achieved conservation in three tasks to perform better

than those who were correct in only two, those who achieved in two

better than those in only one, and all these better than those achieving

in none. As in the case of kindergarten status, the differences are

greatest between those correct in all three tasks and those who had none

correct.

The performance in the post-test tasks of the children in the

various groups can now be viewed against the overall performance

described above.

Major Comparisons

The major questions raised by this study require the pooling of the

data from one or more of the programs. Thus all of the classes having

one or more programs with prescribed lessons beginning in kindergarten

may be examined in relation to the classes in which such programs did

not begin until first grade. Similarly the three groups of classes that

had prescribed lessons may be examined against the group of classes that

had none. For these two major comparisons the numbers of children

involved are large enough so that differences in the percent of children

whose performances in a particular kind of task are operational are gen-

erally meaningful even after the breakdown for PPVT I.Q., socioeconomic

status, and initial conservation pattern. On the other hand, when fine

comparisons involving only two or three groups of classes are made, the

numbers become too small to permit one to draw safe conclusions. Where

differences fit the theory on which the study is based and are either

congruent or strikingly incongruent with the emphasis in the
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Table 31

Percent of. Second Grade Children in All Groups Combined
Who Were Clearly Operational in Post-Test Tasks

in Light of Their Earlier Performance
in Conservation Tasks

1.1110,,...111.1.

Percent with Indicated Conservation Status

In Kindergartens In First Grade
b

No Task A Tasks All 3 No
Task Tasks Only A & B Tasks Tasks

Task A Tasks
Only A &

All 3
B Tasks

Conservation of
Number 51 72 76 81 29 38 61 80

Conservation of
Weight 27 41 54 65 12 16 41 49

Inclusion 2 13 20 15 2 2 5 15

Seriatlon 19 41 34 58 13 18 28 43

Ordination 31 55 54 46 16 30 46 48

Reordering 4 11 22 15 2 2 10 16

Transitivity 21 37 27 27 11 17 20 37

Total Number 170 148 41 26 83

of Children
128 105 227

a
Conservation status in kindergarten was not:

groups entering the study in first grade.

known for the two

b
Vereents related to conservation status in first grade include

children who entered study in kindergarten as well as those who entered
in first grade.
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instructional program, attention will be called to them. Differences of

this sort suggest hypotheses for further testing, but they cannot be

taken as conclusions.

In Table 28, the reader may compare the performance of the groups

of classes as they actually occurred, that is, with the variability that

characterizes typical classes of second graders. Tables 30 and 31 pro-

vide a means of viewing several important sources of such variability

successively. in the tables that follow, when the numbers are appropri-

ately large, groups having different kinds of programs are also examined

according to these variables. (The reader who is interested in finer

details than are included in this chapter is referred to Appendix C.)

Information is also presented comparing the performance of four

matched groups of children. Representing the four kinds of instruc-

tional programs that were studied from kindergarten, these groups were

matched on the basis of sex, chronological age, PPVT I.Q., and status

in conservation in kindergarten. This comparison provides the clearest

information about the efficacy of the four programs.

Instruction Initiated in Kinderaprten and Continued

in First Grade vs. Instruction 1111aLatIcila

Now does the performance in the post-test tasks of all of the chil-

dren who had prescribed lessons in science and mathematics (AAAS-GCMP

and SCIS-GCMP) or in mathematics alone (GCMP) beginning in kindergarten

compare with the performance of all of the children who had no pre-

scribed lessons until they reached first grade, at which time some

classes had SCIS-Math and others had Math only. As Tables 32 and 33

show, the performance overall of those who had early instruction is

better than of those who did not have it. These differences appear to

hold in the top PPVT I.Q. group and in the middle I.Q. group, and gener-

ally in the two top socioeconomic groups.1

When the comparisons between the group having prescribed lessons in

kindergarten with those having such lessons only in first grade are made

on the basis of their status in conservation when they were in first

grade (Table 34), the differences are less clear. While the direction

of most of the differences favor the group beginning in kindergarten,

the numbers are small and there are several reversals.

Although no prediction was made regarding the differences, the

data were subjected to chi square analysis. Overall, differences in the

percents of operational performances were significant at the .05 level

or better for the five tasks: conservation of number, conservation of

weight, class inclusion, seriation, and ordination. When the groups

were divided according to PPVT I.Q. level, significant differences were

found for children in the 90-109 range for four tasks: Conservation of

number, conservation of weight, seriation, and ordination. For children

in the range of PPVT I.Q.'s above 110, differences were significant for

the conservation of number and class inclusion tasks. Differences for

children with PPVT I.Q.'s below 89 were not significant. Differences

among the groups when divided according to socioeconomic status were

alai:, not significant: [121]



Table 32

Percent of Second Grade Children in Different I.Q.a Groups Having

Prescribed Lessons Initiated in Kindergarten or First Grade Who

Were Clearly Operational in Post-Test Tasks

Percent Operational

Program
Initi-
ateci in

No. of
Chldrn.

Conservation
of

No. Wt.

."1,...M=1......
Class Serial Ordering

Transi-
tivity

Inclu- Seria- Ordina- Reorder-

sion tion tion ing

Kinder-
garten

First
Grade

Kinder-
garten

First
Grade

Kinder-
garten

First
Grade

Kinder-
garten

First
Grade

All PPVT I.Q, Groups

63

45

39

26

11 31

6 24

41

33

12

10

24

21

294

198

PPVT I.Q. 110 and Above

74

59

53

42

19 37

9 35

44

42

15

13

30

24

118

79

PPVT I.Q. 90-109

61

39

36

19

7 33

5 18

46

31

10

10

23

20

135

94

PPVT I.Q. 89 and Below

41

20

15

04

0 7

0 8

20

12

5

4

10

12

41

25

a Peabody Picture Vocabulary Test, Form A.
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Table 33

Percent of Second Grade Children in Different S.E.S.a Groups in
Prescribed Programs Initiated in Kindergarten or

First Grade Who Were Clearly Operational in Post-Test Tasks

Percent Operational

Program
Initi-
ated in

Conservation
of

No. Wt.

Class
Inclu-
sion

SeriALIg!ataa____
Transi-
tivity

No. of
Chldrn.

Seria- Ordina- Reorder-
tion tion ing

Kinder-
garten

First
Grade

Kinder-
garten

First
Grade

Kinder-
garten

First
Grade

Kinder-
garten

First
Grade

All S.E.S. Groups

64

50

41

29

11

6

32 42

25 34

11

9

25

22

264

171

S.E.S. 80 and Above

70

68

46

41

15

12

40 46

41 40

15

15

29

28

189

68

S.E.S. 40-79

44

36

27

25

3

3

15 34

14 29

2

4

15

14

59

73

S.E.S. 39 and Below

56

47

31

10

0

3

6 31

17 33

0

7

12

27

16

30

a Based on U.S. Bureau of the Census, Methodology and scores of

socioeconomic status. Working Paper No. 15, Washington, D.C., 1963.

(Occupations transformed to socioeconomic status: Levels above 80,

professionals and managers; between 40 and 79, skilled workers;

below 39, largely unskilled.)
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Table 34

Percent of Second Grade Children in Prescribed Programs Initiated in
Kindergarten or First Grade Who Were Clearly Operational

in Post-Test Tasks Grouped According to Their Status
in Conservation Tasks When They Were in First Grade

Percent Operational

Program
Initi-
ated in

Conservation
of

No.

Class Serial Ordering
No. of
Chldrn.

Inclu- Seria- Ordina- Reorder- Transi-
Wt. sion tion tion ing tivity

Kinder-
garten

First
Grade

Kinder-
garten

First
Grade

Kinder-
garten

First
Grade

Kinder-
garten

First
Grade

Conservation in First Grade: No Task

31

31

7 7 24 21

11 0 9 14

3

3

7

14

29

35

Conservation in First Grade: Only Task B

42

23

19 5 16 35

10 0 12 27

4

2

21

12

57

52

Conservation in First Grade: Only Tasks A & B

65

47

49 10 29 43

28 0 25 39

12

11

14

25

51

36

Conservation in First Grade: All Tasks

79

76

51 16 40 45

42 20 44 38

17

22

33

36

121

45

124
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In considering the extent to which these results favor the groups

having early instruction, and the children in the upper and middle PPVT

I.Q. groups, two facts need to be kept in mind. First, relatively

little is known about the nature of the kindergarten experience of the

children for whom prescribed instruction was begun in first grade. Con-

ceivably, had that experience been of a different sort, whether or not

prescribed lessons were involved, the children's performances in the

post-test tasks might more nearly have approximated those of their

counterparts who began participation in the study when they were in

kindergarten. Second, the number of children with PPVT I.Q.'s below 89

is to small for meaningful, conclusions.

Prescribed Programs Beginning in Kindergarten vs.

No Prescribed Lessons in Kindergarten or First Grade

For those children participating in the study from kindergarten,

poet-test performances of those who had prescribed programs may be com-

pared with those who had no prescribed lessons (see Table 35). Overall,

the children having no prescribed lessons in kindergarten did about as

well as those who had them. None of the differences in percent of chil-

dren who were clearly operational is large, although five of the seven

comparisons favor the group with no prescribed program. Four of these

differences are maintained in the high I.Q. group. In the two lower Y.Q.

groups, the percent of children who performed operationally is about the

same for those having no prescribed lessons as for those having such

instruction.

When socioeconomic tAatus is taken into consideration (see

Appendix C), the differences, in contrast to those in the PPVT I.Q.

breakdown, tend to favor the children having special programs in the

top socioeconomic group, and those having no prescribed lessons in

the next socioeconomic group.

The comparisons of the group having no prescribed lessons with that

having prescribed programs (see Appendix C) is particularly interesting

when made according to kindergarten conservation status. Except for the

two kinds of tasks in which operational thinking was least likely to

appear--class inclusion and reordering--the differences in percents

among those children who were not conserving at all in the kindergarten

pre-tests or who were conserving in only the easiest task, favor the

group having no prescribed lessons. Among those children who in kinder-

garten were conserving in the two easier tasks, or in all three tasks,

the direction of the differences is reversed. Unfortunately, the

numbers of children are too small for generalization. The discrepancy

in performance between those who conserved in the two easiest tasks and

those who conserved in all three tasks can only be attributed to unknown

selective factors affecting the small numbers of children involved.

One may speculate that a relatively unstructured but active kinder-

garten experience provides the less mature children an opportunity to

develop spontaneously the ability to conserve and some degree of opera-

tional thinking. It should be noted that of those children who did not
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Table 35

Percent of Second Grade Children In Different 1.Q.a Groups
Having or Not Having Prescribed Lessons in Kindergarten

Who Were Clearly Operational in Post-Test Tasks

Percent Operational

Programs

Conservation
of

No. Wt.

Class Serial Ordering
Transi-
tivity

No. of
Chldrn.

Inclu- Seria- Ordina- Reorder-
sion tion tion ing

Prescrbd.

Lessons
not

Prescrbd.

Prescrbd.

Lessons
not

Prescrbd.

Prescrbd.

Lessons
not

Prescrbd.

Prescrbd.

Lessons
not

Prescrbd.

.111.0.1.11111.10111.......

All PPVT I.Q. Grou,)s Combined

63

67

39

39

11 31 41

4 38 48

12

6

24

37

294

136

!'PVT I.Q. 110 and Above

74

75

53

52

19 37 44

10 51 60

15

11

30

44

118

63

PPVT I.Q. 90-109

61

63

41

46

36

32

7 33 46

0 28 43

10

2

23

35

135

60

PPVT I.Q. 89 and Below

15

8

0 7 20

0 15 15

5

0

10

08

41

13

a
Peabody Picture Vocabulary Test, Form A.
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4

conserve at all in the kindergarten interviews, more in the program

without prescribed lessons became operational in the second grade inter-

views than was the case for their counterparts in the prescribed pro-

grams. However, they did not do as well as their fellows in the program

with no prescribed lessons who did conserve in kindergarten.

When performance in the post-test tasks is viewed according to

first grade conservation pattern (see Appendix C), there are several

differences favoring the group with no prescribed program but they are

not consistent over conservation patterns.

Comparisons of Matched Groups

To gain a picture of the effects of the programs on children of

equivalent ability and background, matched groups were set up. Matching

was done on the basis of sex, a range of three months in chronological

age, and six points in PPVT I.Q., and an equivalent number of conserva-

tion tasks correct at the kindergarten interviews. With these con-

straints, 26 children from each of the four instructional programs

(AAAS, SCIS, GCMP, No Prescribed Lessons) studied from the beginning of

kindergarten were selected.

The comparability of the socioeconomic status of each set of four

children was also examined. In the majority of cases the children were

in adjoining if not the same levels. In three cases, however, one of

the four children matched on sex, PPVT I.Q., and conservation status

differed from his counterparts by four or more levels in socioeconomic

status. Since the information regarding socioeconomic status had been

derived from school records that were sometimes subject to misinterpre-

tation, these discrepancies were disregarded.

Consideration was also given to the extent to which each of the

groups of 26 children represented the classes in its instructional pro-

gram. Each of the kindergarten classes in the prescribed programs was

represented by at least one child. Two of the kindergarten classes not

having prescribed lessons were, however, not represented. The available

information for these classes gave no indication that they differed in

any important way from the classes that were represented.

Table 36 shows the number of children in each of the four matched

groups whose responses in the post-test tasks were operational. This

table indicates clearly that the children in the program where there

were no prescriptions for mathematics and science Lessons were as compe-

tent in the post-test tasks as their counterparts in prescribed programs.

ComparisonLkItTltelLEFIlilrTTI

The possibility that different prescribed programs may have differ-

ent effects may be examined by comparing them one by one, or in groups

of two. The data for these comparisons are presented in Table 29 for

single programs. Data for combined programs, AAAS (GCMP) considered

together with SCIS (GCMP), are presented in Appendix C. This table also

shows the data grouped on the basis of related variables.
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Table 36

.Number of Children in Four instructional. Programs,
Matched for Sex, C.A.,a 'JO and
Initial Status in Conservation,c

Giving Operational Responses in Post-Test Tasks

Program N

Conservation
of

No. Wt.

Class
Inclu-
sion

Serial Ordering
Transi-
tivity

Seria- Ordina- Reorder-
tion tion ing

Initiated in Kindergarten

AAAS 26 19 15 2 6 12 I 14

(GCMP)

SCIS 26 20 13 2 9 12 3 4

(GCMP)

GCMP 26 10 8 2 9 12 4 4

Only

No Pre-
scribed

26 19 13 1 11 15 2 9

Lessons

a
Within three months range.

Within six points range on Peabody Picture Vocabulary Test,

Form A.

Number of tasks correct.

Science and Mathematics vs. Mathematics Only

Both the AAAS and the SCIS groups who entered the study in kinder-

garten had the GCMP mathematics program as well. To what extent was

participation in both science and mathematics rather than only in mathe-

matics associated with increased evidence of operational thinking in the

post-test tasks?

Initial inspection of the data suggested that more children who

participated in programs involving both science and mathematics were

operational in the conservation and transitivity tasks than was the case

for those who had had only mathematics. These differences tended to

hold when related variables were considered. In contrast, the group

having only the mathematics program appeared to do somewhat better on

the serial ordering tasks. in the matched groups (see Tab Le 36), as far

as the conservation tasks are concerned, the superiority o1 the groups

having both mathematics and science over those having only mathematics

parallels the findings for the larger groups. The AAAS (( ;CMP) programs

show a larger number of operational responses in the transitivity tasks,
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as in the larger groups. However, the differences in the serial

ordering tasks are less marked.

Another comparison of science and mathematics with mathematics only

may be made by examining the performances in the post-test tasks of

children who participated in the SCIS science program and in a mathe-

matics program beginning in first grade and their counterparts who had

only the mathematics program. In this case the mathematics program

varied somewhat. Either the Greater Cleveland or the Addison Wesley

program served as the text when one was used. Overall the differences

are minimal.

AAAS (GCMP) vs. SCIS (GCMP)

Since the two science programs had somewhat different emphases it

may be asked whether or not the children participating in them differed

in their performances in the post-test tasks. Overall, the differences

are small except for the transitivity tasks, where a larger percent of

children in the AAAS program are operational. The direction of the dif-

ferences in the three kinds of serial ordering tasks favors the SCIS

program and tends to be maintained over the breakdowns by PPVT I.Q.

SCIS Initiated in Kindergarten vs. SCIS Initiated in First Grade

With the exception of their performance in the transitivity tasks,

the percents of children who were operational in their thinking are

'Treater for those children who had the program in both kindergarten and

first grade. These differences tend to hold over the different PPVT

I.Q. groups.

GCMP Initiated in Kinder arten vs. Mathematics Initiated in First Grade

With the exception of their performance in the transitivity tasks,

larger percents of children in the group that had a mathematics program

from kindergarten are operational in the post-test. The differences

tend to hold over PPVT I.Q. groups.

No Prescribed Lessons vs. Mathematics Only Betinning in First Grade

If more information were available regarding the kindergarten pro-

gram of the children entering the study in 1966 who had a mathematics

program beginning in first grade, they might provide an interesting com-

parison group to those children who had no prescribed lessons in either

kindergarten and first grade. The direction of the differences between

the groups tends to favor the children having no prescribed lessons in

either kindergarten or first grade, even when PPVT I.Q. is taken into

account.
Program Emphases

The reader will recall that the analysis of the content of the

teacher's manuals for the prescribed programs (Chapter III) tentatively

suggested that the post-test performances of children who had the AAAS
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program might be superior in the conservation, serial ordering and tran-

sitivity tasks, while those who had SCIS might excel in the class inclu-

sion tasks. No prediction was made as to whether children in SCIS or

GCMP would rank second in conservation, serial ordering and transitivity.

However, the likelihood that those in AAAS would do better than those in

GCMP in the class inclusion tasks was suggested.

The analysis of the manuals also suggested that the SCIS program

and the GCMP programs emphasized the manipulation of objects somewhat

more than did the AAAS program. However, observation in the classrooms

(see Chapter IV) raised the possibility that in the GCMP program the

children often observed the manipulation of objects or of pictured

objects rather than actually handling them individually. Whether there

were appreciable differences in the total amount of opportunity for

action on objects in the various programs is not known. Piaget's theory

suggests that those programs having greater opportunity for such action

should, other things being equal, make more progress in logical thinking.

On this basis one might predict that SCIS (GCMP) would be more effective

than AAAS (GCMP), and it in turn better than GCMP alone. Whether the

effects might be different for different tasks is also a matter for

conjecture.

The fact that, on the whole, the children who had no prescribed

lessons can be described as performing neither better nor worse than

those who had one or more of the prescribed programs makes suspect any

assertion of differences in specific tasks. Nevertheless, certain

trends in the data may be noted.

On an overall basis, and in the matched groups, the children having

both science and mathematics did somewhat better in the conservation

tasks than those who had only mathematics. More children who had the

AAAS program were operational in the transitivity tasks than was the

case in the other prescribed programs. There is a slight tendency for

more of the children who had SCIS and GCMP, or GCMP alone to be opera-

tional in the serial ordering tasks than is the case for the children

who had AAAS and GCMP. The number of children in any of the programs

who were operational in the class-inclusion tasks is so small that the

slight difference tending to favor the SCIS (GCMP) program deserves

only passing mention.

Other Results

Matrix Tasks

The matrix tasks, according to Piaget, may be solved either percep-

tually or logically. The procedures used in the present study required

the child to indicate verbally, after an opportunity for deliberation,

which of several designs would appropriately complete the matrix. He

was not permitted to place any of the cards into the matrix, but there

is no way of ascertaining whether this may have guarded against a ten-

dency to perceptual solution. In any case, the results of the matrix
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tests were not pooled with the measures of operational thinking.
1

They

do, however, provide some interesting supplementary information, partic-

ularly as it relates to the relative emphasis on classification in the

various programs.

The matrix tasks were scored in two different ways. A total score

was given for the sum of the number of correct attributes the child had

chosen in each of the eight tasks. A second score was given for the

maximum number of attributes used in any of the tasks.

The means and standard deviations for total sccy..es on the matrix

tasks of children in various programs intiated in kindergarten are as

follows:

Program Mean S.D.

AAAS (GCMP) 12.45 3.79

SCIS (GCMP) 13.02 4.11

GCMP only 13.34 3.96

No Prescribed 12.51 3.72

Lessons

As in the other tasks, the performance of the children in pre-

scribed programs is statistically not significantly different from that

of the children who had no prescribed lessons.

The means and standard deviations of the total snores of the chil-

dren who did not begin prescribed programs until the Airst grade are:

SCI3 (Math)

Math only

11.67

11.53

3.75

3.49

As in most of the other tasks, the performance of these children is

significantly poorer than that of the children beginning prescribed

programs in kindergarten.

Table 37 shows for each of the matrices the percent of children all

of whose choices were correct. It will be noted that the number of

children who can handle all of the matrices correctly is small. The

differences between children in the various programs are also small.

However, mention may be made of the fact that slightly more SC1S chil-

dren are correct in all their choices, a finding that parallels the

ten4gncyjor slightly more of them to be correct in all the class

inclusion tasks.

The second score, maximum number of attributes in any of the matrix

tasks, gives some indication of the child' ability to handle complex

1
This decision accords with the judgment of Piaget's collaborators

at Geneva. Personal communication from Hermione Sinclair, March, 1968.
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Information. Table 38 shows dig! number and percent of children in each
program, using only one attribute in all the tasks, together with those

who in at least one task used two, and those who at least once used

three. As will be apparent in Chapter VII, certain trends in the data

suggest that children who are able to use three attributes are most

adept in the other post-test tasks as well.

Table 38

Number and Percent of Second Grade Children Using
Maximum of One, Two, or Three Attributes in the Matrix Tasks

One Attribute Two Attributes Three Attributes

Program Number Percent Number Percent Number Percent

Initiated in Kindergarten

AAAS (GCMP) 6 6 47 50 41 44

SCIS (GCMP) 6 8 32 40 41 52

GCMP only 6 5 62 51 54 44

All Prescribed 18 6 1.41 48 136 46

Programs

No Prescribed 11 8 62 46 62 46

Lessons
MMOMM**MMO

Initiated in First Grade
*WOMM/00.MA

SCIS (Math) 10 9 69 60 35 31

Math only 5 6 52 60 30 34

Both 15 7 121 60 65 32

Prescribed
Programs

Performance of the children in the four groups that were matched

for chronological age, PPVT I.Q., and conservation status in the kinder-

garten follows the direction found in the larger groups. The means and

standard deviations for the matrix scores of these groups are as follows:

Program Mean S.D.

AAAS (GCMP) 12.62 2.46

SCIS (GCMP) 13.73 2.51

GCMP only 12.81 2.50

No 11.08 2.46

Prescribed
Lessons
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The maximum number of attributes handled in the matrices follows

the trend found in the analysis of the data from the larger groups. As

Table 39 indicates, slightly mr- children in the SCIS program were able

to use the maximum number of attributes correctly than was the case in

the other programs.

Table 39

Maximum Number of Attributes Used Correctly in Matrix Tasks

by 26 Children in Each of Four lnstructioaal Prpgrams

Matched for Sex, Chronological Age,a 1.Q.,"

and Initial Conservation Statusc

0 ..1.1.*
AM,....10 .01,....0.01...44

Number of Children Correctly Using

Program

One

Attribute
al, 4.. 4.1, /// '00

Two
Attributes

,-. roo .60 . VP "OP

Three
Attributes

AAAS 2 12 12

SCIS 0 10 16

GCMP 1.
16 9

No 3 15 7

Prescribed
Lessons

a Within 3 months range.

,110. .
b Within 6 points range, on Peabody Picture Vocabulary Test,

Form A.

Number of tasks correct.

Longitudinal Data

Previous sections of this chapter have referred to the children's

status in the conservation tasks in either kindergarten or first grade

as a variable related to their performance in the post-test tasks. The

repetition at successive interviews of the conservation and the class

inclusion tasks also provided some measure of the progress the children

made as they moved through kindergarten and first grade. This section

considers the nature of the progress of the groups representing the

various instructional programs, and also the progress made by individual

children within those groups.

Conservation Tasks. Previous studies (Almy, Chittenden and Miller,

1966) had shown that the three tasks involving conservation of number

after counting (task B), conservation of number without counting (task A),

and conservation of a quantity of liquid (task C), were ordered in diffi-

culty. In the main, children who were successful in task C, were also

successful in tasks A and B, and those who were successful in task A,

but not in task C were successful in task B. ,A sequence of this sort

conforms to the theory of Piaget.
134



Tables 40 and 41 show the number and percent of children in each of

the six programs whose performances fell into one of the four patterns,

conserving in no task, conserving only in task B, conserving in both

task A and task B but not in task C, and conserving in all three tasks,

A, Bo and C. These tables also show the number and percent of the chil-

dren whose performance did note fit these expected patterns.1

To the extent that the &bility to conserve number is, as Piiget

indicates, basic to the understanding of other concepts in mathematics

and science, Tables 40 and 41 provide a picture of the different levels

of understanding confronting the teachers in each of the groups at the

initiation of the programs. They also provide a measure of the develop-

ment of such understanding as the groups moved from kindergarten into

first grade, and from first grade into second.

When the distributions of the children's performances according to

the four regular or other patterns in each of the instructional programs

are compared, differences are apparent. For example, in the beginning

of kindergarten, fall 1965, the program having no prescribed lessons had

more children who conserved in no tasks than did the other groups. How-

ever, this difference is not statistically significant. Nor are the

differences significant at the first grade level. However, when the

distributions of the patterns of performance for all six groups are

examined at the first grade level, a chi souare test (x2 41.61 d.f. 20,

p <.005) indicates that the distributions are not homogeneous. In com-

paring the first grade performance of those who entered the study in

first grade with those who had participated since kindergarten, it is

interesting to note that the performance of the former at first grade is

less good than the performance of the latter. It is, however, clearly

better than the kindergarten performance of those children who were

initially interviewed in kindergarten. A year's increment in chrono-

logical age evidently makes a difference in performance.

The differences between the groups in which the study was initiated

in kindergarten and these in which it did not begin until first grade

are maintained at the second grade level. Again, there are no signifi-

cant statistical differences among the distributions of patterns in the

four groups beginning at kindergarten, nor between the two groups begin-

ning in first grade, but a chi-square test applied to the distributions

in the six groups indicates that they are not homogeneous (x2 39.45,

d.f. 20, p <.01). It appears that the groups who began the instruc-

tional programs at the first grade level made slower progress toward

conservation in all the tasks than did their counterparts for whom par-

ticipation in the study began earlier.

1
In the previous study, where more longitudinal data were involved,

these irregular patterns (12% of the total) were altered to fit the

theoretical sequence. In the present study, for calculation of x2, the

irregular pattern of conservation in tasks B and C, but not A, was

retained, other irregulars were omitted.
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Table 40

Number and Percent of Children Studied in Kindergarten
and Again in First and Second Grades Revealing

Conservation in Three Tasksa in Successive Interviews

miS vim -er or.. v..

Tasks
in which
Children
Conserved

Instructional Program

No

HAAS (GCMP) SCIS (GCMP) GCMP only Prscrbd. Lessons
N % N % N y N

Kindergarten
Fall, 1965

None 32 36 33 42 48 39 58 44

Only B 34 38 20 25 48 39 46 35

Only B & A 10 11 10 13 10 8 11 8

B, A & C 7 8 6 8 8 7 5 4

Other Patterns 6 7 10 1.3 8 7 13 10

First: Grade

Fall, 1966

None 3 3 9 11 16 13 18 14

Only B 19 21 14 18 22 18 19 14

Only B & A 14 16 10 13 26 21 16 12

B, A & C 43 48 34 43 43 35 61 46

Other Patterns 10 11 12 15 15 12 19 14

Second Grade
Fall, 1967

None 3 3 2 3 3 3 3 2

Only B 8 9 9 11 17 14 8 6

Only B & A 10 11 6 8 14 11 10 8

B, A & C 63 71 54 68 67 55 8') 67

Other Patterns 5 6 8 10 21 17 23 17

a
Task A:

B:

C:

Conservation of the equality of two sets of blocks
through two transformations.

Conservation of the number of a set of blocks that
have been counted through two transformations.

Conservation of the equality of two quantities of water
through one transformation.
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Table 41

Number and Percent of Children First Studied in First Grade

and Then Again in Second Grade Revealing
Conservation in Three Tasksa in Successive Interviews

Tasks
in which

Children Conserved

Instructional Program

SCIS (Math) Math only

N N %

First Grade
Fall, 1966

None 20 17 16 18

Only B
.

30 26 22 25

Only B and A 21 1.8 17 20

B, A and C 26 23 20 23

Other Patterns 18 16 12 14

Second Grade
Fall, 1967

None 4 4 4 5

Only B 21 18 20 23

Only B and A 20 17 14 16

B, A and C 52 45 39 45

Other Patterns 18 16 10 11

a
Task A: Conservation of the equality of two sets of blocks

through two transformations.

B: Conservation of the number of a set of blocks that

have been counted through two transformations.

C: Conservation of the equality of two quantities of water

through one transformation.

in contrast to Tables 40 and 41, showing the performances of the

same groups of children at successive time intervals, Tables 42 and 43

group the children according to the way the pattern in which an individ-

ual's performance falls at one interview is related to the pattern of

his performance at the succeeding interview. For example, the top

matrix in Table 42 shows that at the kindergarten interview there are

32 children in the AAAS group who are not conserving in any task. At

the first grade level the performances of these 32 children are spread

over the four regular patterns. Two are still not conserving in any

task, 16 only in task B, 4 in both task B and task A but not in any

other. Seven have reached pattern 4 and are conserving in all tasks.

Three fall into "other" patterns, perhaps conserving in B and C, or in

A alone, or even in C but not in B or A.
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Table 42

Patterns of Conservation Abilities Revealed by Children

in Four Instructional Programs in Interviews

Repeated at Yearly Intervals from
Beginning Kindergarten to Beginning Second Grade

Markov Matrices

Kindergarten

AAAS (GCMP) 89 Children

, First Grade

Total
Pattern

a
1 2 3 4 Other

1 2 16 4 7 3 32

2 1 3 6 20 4 34

3 0 0 2 6 2 10

4 0 0 0 6 1 7

Other 0 0 2 4 0 6

First Grade Second Grade

Pattern
a

1 2 3 4 Other Total

1 2 0 0 1 0 3

2 0 5 3 10 1 19

3 0 1 3 9 1 14

4 0 0 3 38 2 43

Other 1 2 1 5 1 10

SCIS (GCMP) 79 Children

Kindergarten First Grade

Pattern
a

1 2 3 4 Other Total

1 3 11 6 8 5 33

2 4 2 0 12 2 20

3 0 0 3 6 1 10

4 1 0 1 3 1 6

Other 1 1. 0 5 3 10

...................._ . 0. 4W .0. 0. Ma... . . , ... . T WI, .4. .., . . ...

First Grade Second Grade

Pattern" 1 2 3 4 Other Total.

1 0 3 2 3 1.
9

2 1 4 2 7 0 14

3 1 0 1 7 1 10

4 0 0 1 29 4 34

Other 0 2 0 8 2 12

138



Table 42, Continued

Kindergarten

Patterna

GCMP 122 Children

First Grade

1 2 3 4 Other Total

1 13 12 7 11 5 48

2 2 9 10 20 7 48

3 .1 1 2 4 2 10

4 0 0 3 4 1 8

Other 0 0 4 4 0 8

First Grade Second Grade

Pattern
a 1 2 3 4 Other Total

1 1 5 2 5 3 16

2 2 9 2 6 3 22

3 0 1 2 16 7 26

4 0 1 6 29 7 43

Other 0 1 2 11 1 15

No Prescribed Lessons 133 Children

Kindergarten
First Grade

Pattern
a 2 3 4 Other Total

1 13 11 10 15 9 58

2 3 7 3 27 6 46

3 1 0 1 8 1 11

4 0 0 1 3 I 5

Other 1 1 1 8 2 13

First Grade Second Grade

Pattern
a 1 2 3 4 Other Total

1 2 3 5 4 4 18

2 0 4 1 12 2 19

3 0 1 1 12 2 16

4 0 0 2 52 7 61

Other 1 0 1 9 3 19

a
Pattern 1: Conservation in no task.

2: Conservation in task B only.

3: Conservation in only task B and task A.

4: Conservation in tasks B, A and C.
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Table 43

Patterns of Conservation Abilities Revealed by Children

in Two Instructional Programs in Interviews

at Beginning of First Grade
and Beginning of Second Grade

Markov Matrices

First Grade

Patterna

SCIS Math 115 Children

Second Grade

1 2 3 4 Other

1

2

3

4

Other

2 5 5 6 2

2 9 6 9 4

0 4 4 8 5

0 1 2 21 2

0 2 4 7 5

Total

20
30

21
26

18

First Grade

Patterna

Math Only 87 Children

Second Grath

1 2 3 4

1

2

3

4

Other

=1,
3 5

1 10

0
0

0 3

1 5

5 3

5 10

2 14

1 7

Other

2

3

1

3

Total

16

22

17

20
12

a
Pattern 1:

2:

3:

4:

Conservation in
Conservation in
Conservation in
Conservation in

no task.
task B only.
only task B and task A.

tasks B, A and C.

Again, using the AAAS group as an example, it is clear that the

most typical transitions from kindergarten to first grade are from

pattern 1, no conservation, to pattern 2, conservation only in task B

(for 16 children) and from pattern 2 to pattern 4, conservation in all

3 tasks (for 20 children). Obviously, the fact that so many children

move into'the most advanced level in first grade limits the amount of

movement (at least in these 3 tasks) that can be made in 'second grade.

Note that of the 43 children who have moved into pattern 4 in first

grade, 38 remain there at the second grade interview, and 5 regress.

On the assumption that the effectiveness of a program may be mea-

sured by the rates of progress made in conserving, the distributions of
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changes from one pattern to another were examined. The distributions in
the four regular patterns in first grade of those who had been in
pattern 1 (no conservation) in kindergarten appeared rather simi lar.

(Compare the first rows of the kindergarten-to-first grade matrices of
the four programs in Table 42.) A chi square test for homogeneity was

not significant. However, the distributions of children whose perfor-
mance started with pattern 2 appeared less similar. (Compare the second

rows for each of the kindergarten-to-first grade matrices in Table 42.)

In the AAAS program, of the 34 children who were in pattern 2 in kinder-

garten, 20 (60%) reached pattern 4 in first grade. Similarly, 12 out of

20 (60%) of SCIS, and 27 out of 46 (58%) of those in the program with no

prescribed lessons reached pattern 4. However, in the GCMP program only

20 out of 48 (42%) made similar progress. The number of children orig-

inally in pattern 3 in first grade was small in all programs. (Compare

the third rows for each of the kindergarten-to-first grade matrices in

Table 42.) Accordingly, they were combined with the children who were
originally in pattern 2 for purposes of a chi square analysis. For this

analysis, children whose performances fell into patterns other than the

four regular ones were not included. The differences in the two distri-

butions were not significant (x2 = 7.15, d.f. 3, p <.10).

Similar comparisons may be made for the distribution of perfor-

mances in the second grade of children who had been in patterns 2 or 3

in first grade. (Compare the second and third rows of each of the
first-to-second grade matrices in Tables 42 and 43.) It will be noted

that with the exception of the GCMP group the number of children in each

of these patterns in first grade is quite similar. In the second grade

a smaller percent of the GCMP group have moved from patterns 2 and 3 to

pattern 4 than is the case for the other programs. Chi square analysis

of the distributions of the patterns of performance in second grade of

the children who were in patterns 2 and 3 in the first grade (omitting

those in patterns other than the four regular ones) showed a significant

difference (x2 = 12.77, d.f" 5, p <.05).

Table 44 shows the performance of children in the four matched

groups. At the first grade interview it appears that children in the

AAAS (GCMP) group and the group having only GCMP are moving somewhat

more slowly than the children in the other groups. By second grade,

however, only the GCMP group looks different from the others. This

corresponds to the overall trends for the programs.

Class Inclusion Tasks

In these four tasks the child was confronted with the problem of

judging the quantitative superiority of a superordinate class to its

subclasses under circumstances in which the two subclasses were unequal

in number (tasks using plastic fruit and wooden blocks), or originally

equal and then unequal in number (metal cars). The tasks were known to

be difficult for second graders, but it was also known that second

graders (but not kindergarten children) significantly improved their

performance after a period of training in classification (Miller, 1966).
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Table 44

Number of Children in Matched Groups Studied in Kindergarten

and Again in First and Second Grades

Revealing Conservation in Three Tasksa in Successive Interviews.

(Groups
c

Matched for Sex, Chronological Age4b

I.Q., and Initial Status in Conservation')

Tasks in Which
Children Conserved

Kindergarten
fall, 1965

First Grade
Fall, 1966

Second Grade
Fall, 1967

AAAS (GCMP)
None 11 1 1

Only B 11 6 1

Only B and A 3 7 4

B, A, and C 0 9 19

Other Patterns 1 3 1

SCIS (GCMP)
Nond 11 2 1

Only B 9 2 0

Only B and A 4 5 3

B, A and C 0 15 20

Other Patterns 2 2 2

GCMP Only
None 11 3 1

Only B 11 7 8

Only B and A 3 5 1

B, A and C 0 10 10

Other Patterns 1 1 6

No Prescribed Lessons
&One 11 2 0

Only B 11 2 1

Only B and A 3 5 3

B, A and C 0 13 19

Other Patterns 1 4 3

a
Task A: Conservation of the equality of two sets of blocks

through two transformations.

B: Conservation of the number of a set of blocks that have

been counted, through two transformations.

C: Conservation of the equality of two quantities of water

through one transformation.

Within three months range.
Within six points range on Peabody Picture Vocabulary Test,

form A.
d Number of tasks correct.
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Since the instructional programs included practice in classification it

seemed likely that children who had had such practice woeld do better in

the post-tests than those who had not, and possibly would begin to show

improvement at the first grade level. It also seemed likely that a se-

quence of acquisiLion such as that found for the conservation tasks

might appear.

The results were not as anticipated. Even at the second grade

level half of the children were unable to succeed in the first and easi-

est task (see Appendix C). While at each of the three interviews there

was some tendency for those who were correct in only one task to be suc-

cessful in the first task, the other, successes appeared to follow no

particular pattern.

SKA Economics Program

A question raised in the initial proposal for the present investi-

gation had to do with the effectiveness, for the development of logical

thinking, of instruction in social science concepts as contrasted with

science concepts. A suitable program for such comparison appeared to be

the program, Our Working World, a program dealing with the basic con-

cepts of economics and related social scenes, developed by Lawrence

Senesh. This program is designed for initiation at the first grade.

Unfortunately it was not possible to locate a large enough number of

classes in any community comparable to those already involved in the

study, and the idea had to be abandoned. However, after the study was

well under way, two classes in one of the Berkeley schools not involved

in the study were found who were being instructed in Our Working

These children had had the GCMP in kindergarten but they had not had any

prescribed science program. The pre-test measures were administered to

them late in the fall of 1966. They were not given the PPVT. Their

status on the first grade conservation tasks approximated that of other

groups in the study who began instructin in the first grade. It was

not as high as in the groups who began participation in the study when

they were in kindergarten. Attrition in these classes was large and

only eighteen children from the two classes completed the post-test

tasks. Of these, twelve were clearly operational in the conservation of

number tasks, 6 in conservation of weight, 3 in class inclusion, 5 in

seriatlon, 5 in ordination, and 5 in reordering and 7 in transitivity.

The numbers of children are too small for a reliable comparison, but it

is interesting to note that their performance appears not to be

strikingly different from those in the other groups.

Discussion

The results of this study appear to pose a paradox. On the one

hand, the children who participated in programs where prescribed

instruction in mathematics and science was initiated at the kindergarten

level performed somewhat better in the logical thinking tasks in the

second grade than did the children whose participation in prescribed

programs did not begin until first grade. Little is known about the

latter children's kindergarten experience except that it has been
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described as "typical." On the other hand, the children participating
in prescribed programs beginning in kindergarten did no better than
their counterparts who participated in the study from the beginning of
kindergarten but who had no prescribed lessons in kindergarten or in
first grade.

These equivocal results suggest that the comparability of the group
groups of children, and more especially the comparability of their
school experience, apart from the prescribed programs, needs further
examination. If it can be demonstrated that the groups differ in ways
not yet taken into account, or that the school experience provided for
those who had no prescribed lessons had certain unique characteristics,
then hypotheses may be generated for further testing and eventual
resolution of the paradox.

Comparability of the Groups

Although it is true that the groups representing the various pro-
grams were drawn from different communities, and that the distribution
of ability as measured by PPVT 1.Q., and of socioeconomic status as
measured by occupational level differed somewhat from group to group
(see Tables 4 and 6 in Chapter II), the results that are cited also tend
to hold when PPVT 1.Q. is taken into consideration.

Since the measure of verbal ability was administered at the begin-
ning of the kindergarten year to the children beginning the prescribed
programs in kindergarten, and not until the beginning of the first grade
to those children who did not begin the prescribed programs until first

grade, there is no way of knowing whether the two groups were strictly
comparable in kindergarten. However, their mean PPVT I.Q.'s did not

differ significantly. On the other hand, it should be noted that the
group beginning the prescribed programs in first grade presented a wider

range in parental socioeconomic status than was the case for the group

beginning the prescribed program in kindergarten.

The case for the comparability of the group that had no prescribed
lessons in kindergarten or first grade to the group having prescribed
programs beginning in kindergarten is less good. The mean PPVT I.Q. was

significantly higher for the former, the range of socioeconomic status
was limited. But in initial conservation status they gave no evidence

of being advanced over the other groups.

Differences in socioeconomic status might affect performance in the

post-test measures fairly directly, with children in the upper levels

having more opportunity Within the context of the family for experiences

leading toward a logical view of the world. In addition, differences in

socioeconomic status and differences in the distribution of verbal abil-

ity might also affect performance indirectly through the medium of the

classes in which the children were taught. If these differences had

these effects, then one would expect better performances overall from

the groups with the largest proportion of parents having middle and high

socioeconomic status. On this basis, the groups beginning the
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prescribed programs in kindergarten should do better than those begin-

ning it in first grade, and the group with no prescribed lessons should

do at least as well or possibly better than those with the prescribed

program.

Although the results of the study do appear to follow these trends,

they must be interpreted with great caution. The socioeconomic measure,

derived from the reported occupations of the parents provides only the

roughest approximation of their status. As indicated in Chapter II, it

gives no clue as to the intellectual climate of the homes, or the kind

of teaching carried on there.

Comparability oaf Classes Within the Programs

None of the school systems involved in the study customarily

engaged in any kind of intelligence or achievement testing prior to

second grade, and as far as is known, no attempt was made to group chil-

dren in any way homogeneously. Nevertheless, the constitution of neigh-

borhoods, the bussing of children in some schools and not in others,

underlines the possibility that the mixture of abilities and attitudes

in some classes differed from that in others. It seems likely, moreover,

that some programs, notably the one that had no prescribed lessons, and

possibly AAAS, had less such variation than the others.

There were no marked variations in the number of children enrolled

in the classes, nor in the length of the school day. However, some of

the first grade classes in Englewood, where children did not participate

until first grade, were organized in clusters so that one teacher might

handle the mathematics or the science lessons for more than one group of

children. Also, in Garden City, where there were no prescribed lessons,

the first grade children, except when they were invited to return in the

afternoons in small groups, ordinarily had a school day lasting four

hours, instead of the four and a half that was typical in the prescribed

programs. If an extra half hour of schooling were to have any effect,

it would seem to weigh in favor of the classes having the prescribed

lessons.

Reports from the classroom observers, from the interviewers, and

from the teachers themselves (see Chapter IV), indicated that there was

at least as much variation in classroom structure and atmosphere within

the prescribed programs as between them. Classes in which there were no

prescribed lessons also varied considerably in this regard.

As was noted earlier, no detailed information was available for the

kindergarten classes for the children who did not enter the study until

they were in first grade. Their kindergarten classrooms were never

visited.

The Garden City kindergartens differed from all the others in the

study in ways that may have influenced the outcome. First, they were

identified as kindergartens that gave specific attention to science and

mathematics concepts, although they had no prescribed lessons. Their
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teachers knew that they were involved in a study comparing the effects

of prescribed instruction with the child-centered, loosely structured,

informal activities they customarily included in their curriculum.

Second, the teachers themselves were, by and large, more experienced and

had more years of education, than the teachers in the kindergartens with

prescribed programs. Third, the children in these classes had somewhat

better verbal ability, and were more homogeneous socioeconomically.

Resolution of the Paradox

Some ways out of the paradox confronted in the beginning of this

discussion may now be proposed. First the introduction of mathematical

and scientific concepts in the curriculum of early childhood tends to

facilitate the development of logical thinking. Such introduction is

more efficacious when it occurs in kindergarten than when it is post-

poned to first grade. However, experienced teachers familiar with and

interested in the elementary concepts, planning activities around the

children's interests, are as effective as teachers who use prescribed

lessons.

This resolution of the paradox assumes that the kindergarten pro-

gram will have intellectual content. It does not resolve questions

having to do with the relative effectiveness of experienced teachers

with prescribed programs versus experienced teachers with little famil-

iarity with the concepts. (In the present instance it appears that those

who taught the classes having no prescribed lessonN had had considerably

more opportunity to familiarize themselves with modern mathematics pro-

grams than with comparable science programs.) Nor does it throw any

light on the question of the effectiveness of the inexperienced teacher

with or without a good knowledge of mathematics and science.

This proposed resolution assumes that the experience and education

of the teachers is a primary factor in the outcome in the second grade.

It, overlooks another factor that may have more significance than is

immediately apparent. When there are no prescribed lessons, the teacher

has, if she chooses to take advantage of the situation, both more free-

dom and more time to follow the individual interests of the children.

If she takes advantage of this, any problem she poses, or whatever

explanation she makes, is more likely to have the full attention of the

child, than is the case when there is a lesson that must: be covered.

The notion that the competence and interest of an experienced teacher is

essential to the development of logical thinking in the young child has

considerable appeal.

The apparent paradox in the finding that children having prescribed

lessons in kindergarten did better than those starting in first grade,

but no better than those who had no prescribed lessons but were studied

from kindergarten may be resolved another way. This resolution views

the apparent kindergarten-first grade differences as spurious. It takes

account of the fact that the children studied from the time they were in

kindergarten had .additional opportunity to accustom themselves to being
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interviewed, and consequently were better able to adapt to the inter-

viewers in the post- -test tasks at the second grade level. It will be

recalled, however, that the first grade performance of the children

being interviewed for the second time, was clearly better than the

initial performance of the latter. Furthermore, they were interviewed

somewhat later in the fall semester than was the case for the other

children. Accordingly, it seems unlikely that the kindergarten-first

grade differences can be attributed primarily to familiarity with the

interview procedures.

A third resolution of the paradox, one that might be espoused by

proponents of Piaget's theories, suggests that the kindergarten-first

grade difference is an artifact, not of the familiarity of the children

with the procedures, but rather of the timing of the post-test tasks.

According to this view, the standardization of the tasks, and their

administration when the operations of conservation, classification, and

serial ordering are not firmly established but still in formation,

inevitably increases the probability of falsely designating a child as

operational in a particular task when he has not yet really achieved

that level. To a lesser extent one may also err in the opposite

direction. This resolution of the paradox will be discussed at the end

of Chapter. VII, where the relationships among the post-test tasks are

examined.
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CHAPTER VII

THE RESULTS: FROM THE VIEWPOINT OF PlAGETIAN THEORY

The analysis of the post-test performance of the children In the
various instructional programs has highlighted their variability. At
least for the seven year old, who is just beginning the shift into
operational thinking, the ability to think logically in one kind of
task is no guarantee of such ability in another.

According to Piaget, progress toward operational thought comes with
"articulated intuition" in which the consequences of action can be
anticipated and previous states reconstituted. But there is not yet
reversibility. If a spatial arrangement is changed, the child does not
mentally put the elements back in their original order. "However, the
beginnings of anticipation and reconstitution prepare for reversibility.
They constitu:;e a regulation of the initial intuition and this regula-
tion prepares for the operat ions" (Piaget, 1967, p. 33).

The protocols of the present study are replete with instances of
this kind of intuitive thinking. They provide far fewer examples of
intuitions transformed to the systems of operations or "groupings" than
Piaget postulates for the age of seven.

It is remarkable to see the formation of a whole series
of these groupings by children at about age seven. They
transform the intuitions into operations of all kinds
and explain the transformation of thinking described
earlier. Above all, it is striking to see how these
groupings are formed, often very rapidly, through a sort
of total reorganization. No operation exists in an iso-
lated state; it is always formed as a function of the
totality of operations of the same. kind. For example, a
logical concept of class (combination of individuals) is
not constructed in an isolated state but necessarily
within a classification of the grouping of which it forms
a part. A logical family relation (brother, uncle, etc.)
is constituted only as a function of a set of analogous
relations whose totality constitutes a system of relation-
ships. Numbers do not appear independently of each other
(3, 10, 2, 5, etc.); they are grasped only as elements
within an ordered series: 1,2,3..., etc. Likewise,
values exist only as function of a total system or "scale
of values." An asymmetric relationship such as B < C is
intelligible only in relation to the possible satiation
of the set 0 < A < B < C < etc. What is even more
remarkable is that these systems of sets are formed only
in the child's thinking in connection with the precise
reversibility of the operations, so that they acquire a
definite and complete struclre right away ( Piaget, 1967,
p. 49).
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In several of his books (for example, The Child's Conception of
Number, The Early Growth of Logic, The Psychology of Intelligence),
Piaget has discussed the interrelatedness of the four kinds of opera-
tions investigated in the present study--conservation, serial ordering,
classification and transitivity. Using clinical methods, and not neces-
sarily using the same children to investigate each kind of operation, he
has established a sequence of stages for the order of acquisition of
each operation. It should be noted that most of his data have been
cross-sectional rather than longitudinal.

The procedures in the present study were standardized rather than
clinical. The tasks, with the exception of the matrices, were not exact
replicas but they were clearly comparable to those used by Piaget.
Since each of the children in the study was presented with all the tasks,
the data provide good opportunity to investigate the interrelationships
among the developing operations. The children's performances in tasks
such as those used for conservation and serial ordering can be arranged
according to the difficulty of the tasks to see whether or not the
stages described by Piaget emerge. While most of the data are not lon-
gitudinal the fact that the conservation and also the class inclusion
tasks were presented in kindergarten (to a majority of the children) and
in first grade as well as in second grade permits study of the develop-
ment of those operations.

In Chapter VI, we dealt with the question of the relationships
among the tasks and to some extent also with the question of sequence.
In the present chapter the data from all the groups are pooled. The
relationships among tasks that represent similar operations are examined
in greater detail. The comprehensive view of the thiaking processes of
the young second-grader that emerges from this examination puts the
results reported in Chapter VI in a new perspective.

Conservation

As indicated in Chapter VI, the children's performance in the con-
servation tasks involving number and quantity suggested considerable
orderliness in the acquisition of the operation. When the data from
Tables 40 ard 41 in Chapter VI are pooled, two findings are highlighted.
One is the extent of variation, as indicated by instances where the
child handles a difficult task correctly but misses an easier one, or
where he appears to have the concept at one interview and misses it at
the next. Such variation may be regarded, at least in part, as a
concomitant of the standardized procedure.

Contrasting with this variation is the obvious regularity of most
of the patterns of performance, and the shifts from one pattern to
another at subsequent interviews. The process is clearly not determin-
istic. The fact that the child has arrived at pattern three, conserving
in both number tasks, is no guarantee that at the next interview he will
have arrived at pattern four, conserving in both the number and the
quantity of liquid tasks. Rather the process may be described as
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stochastic. If at first grade his performance falls in pattern three,
the chances are only 6 in 10 that he will move to pattern four at the
next second grade interview. If, on the other hand he has reached
pattern four at first grade, the chances of his remaining there at the
next interview are B in 10.

According to Piaget's theory, children who are able to conserve
number and quantity may or may not be able to conserve weight. Children
who can conserve weight should, however, be able to conserve number and
quantity. Thus it should be possible to extend the patterns of conser-
vation to include the weight task. The reader may recall from
Chapter Vi (Table 28) that second grade performance in the conservation
tasks used in the longitudinal parts of the study as related to perfor-
mance in the conservation of weight showed a higher correlation (phi
coefficient, .32) than was found for any other two tasks. Prior to dis-
cussion of this relationship, however, the nature of tilt conservation of
weight tasks needs consideration.

In order to have his performance in the weight tasks classified as
operational, the child had not only to assert that the weight had not
changed in each of the three transformations, but he also had to give at
least one clear explanation in response to the question, "How can you
tell?" Further, he did not receive credit for such an explanation if
either of his other two explanations indicated non-conservation or
uncertainty.

Examination of the content of the children's responses indicates
that the successive transformations are disruptive to continuous under-
standing of the equality of the two balls of clay. The following exam-
ple of a youngster whose answer seems to arrive at conservation after
the third transformation indicates why a conserving answer is meaning-
less without a clear explanation.

First transformation, "The red is more.... It's rolled
like a hot dog, it's heavier because It's thick and long."

Second transformation. "The blue is more.... It's
skinnier now, when El's skinny it gets lighter."

Third transformation. "They are the same.... The blue
is taken apart and once it's taken apart it is lighter and
the red is the same thing."

Table 45 reflects the difficulty the seven-year-old has in main-
taining a concept in the face of perceptual change and repeated ques-
tioning. The number of children giving clear evidence of conservation
in both answers and in explanations decreases after the second and
third transformations.
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Tab3e 45

Number
a

and Percent of Second Grade Children Giving Evidence
of Conservation in Answersb and Explanationsc

in Conservation of Weight Tasksd

Conservation in

Answer Explanation

Task A

N

Task B

N

Task C

N

None None 181 29 231 37

,11...M11...
216 34

Clear None 31 5 23 4 40 6

Clear Uncertain 11 2 5 1 79 13

Clear Probable 102 16 87 14 100 16

Clear Clear 301 48 283 45 193 31

All Tasks 627 100 630 99 630 100

a
Children who failed to respond in a particular task are not

included in the totals.
b

"Does one of these weigh more?"
c

"How can you tell?"
d

Equality of weight of two balls of Play-Doh when in Task A one
is elongated, in Task B it is further elongated, and in Task C the other
ball is broken into smaller pieces.

The three-fold repetition of the question, "How can you tell?"
placed a considerable demand on the child's ability to justify his own
thinking. In this respect the procedure somewhat resembles the clinical
inquiry of Piaget. However, the interviewer in the standardized proce-
dure is not free to vary the objects used in the tasks, or to pose the
questions differently. When a child starts out with a conserving answer
and explanation and shifts to an inadequate explanation in one or both
of the ensuing tasks, the interviewer assumes that he is responding to
the transformation that confuses him. The child, of course, may change
his explanation in the belief that it is for some reason unsatisfactory
to the adult.

To return to the question of whether the patterns of conservation
obtained from the longitudinal data can be extended to include the con-
servation of weight, Table 46 shows performance in the weight tasks in
relation to the conservation patterns for number and quantity. Seventy-

nine percent of the 212 children who were scored as "operational" in the
weight tasks conserved in all the other conservation tasks. Of the 412

children who were not, scored as "operational" in the weight tasks,
47 percent did conserve in all the other conservation tasks.
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Table 46

Conservation of Weighta Performance for
624 Second Grade Children Revealing Different Patterns

of Conservation Ability in Number Tasksb

Tasks
in Which

Children Conserved

Performance in Weight Tasks

Not Operational

N

(65%) Operationalc (35%)

N

None 20 5 0 0

Only B 83 20 4 2

Only B and A 58 1.4 16 7

B, A and C 192 47 176 79

Other Patterns 59 14 26 12

All Patterns 412 100 212 100

a Equality of weight of two balls of Play-Doh through three

transformations.

Task A: Conservation of the equality of two sets of blocks

through two transformations.

B: Conservation of the number of a set of blocks that

have been counted, through two transformations.

C: Conservation of the equality of two quantities of

water through one transformation.

"Operational" defined as three conserving answers and at least

one conserving explanation.

Considering that 176 of the 368 children who were operational in all

three number tasks were also conserving in weight, one might say that at

the beginning second grade level, the probabilities are not quite five

out of ten that children conserving in all number tasks can also

conserve weight..

This sort of substantiation of Piaget's theory intrigues the educa-

tor, for it suggests that a developmental order can be placed on the

presentation of at least some of the concepts children must acquire. It

also suggests the feasibility of assessment procedures designed to

reveal when a particular concept is likely to be acquired with the least

instructional effort. Conceivably, however, conservation concepts may

he unique in the ease with which they can be ordered and assessed.

Information regarding the sequence of acquisition of other concepts is

much needed.

152

Ar7V



The Serial Ordering Tasks

Three kinds of tasks were involved in serial ordering. In seria-
tion tasks (A, monkeys, and B, balloons) the child arranged first six,
and then eight items in order according to their size. In the first set
of ordination tasks he identified which balloon belonged to a particular
monkey after the perceptual correspondence between the balloons and the
monkeys had been displaced. The second set of ordination tasks posed
the same problem but with sets of items (knives and forks) that had both
been put into serial Order and correspondence by the interviewer. The
reordering tasks applied first to the balloons and later to the knives.
In both instances one series (monkeys, forks) was left intact, while the
other (balloons, knives) was scrambled, and the child was required to
identify the proper correspondence for a specified item.

The expectation that children might find the seriation tasks easier
than the ordering tasks, and the ordering tasks easier than those
involving reordering, arose from Piaget's discussion of the transition
from "serial correspondence to ordinal correspondence." He notes that
three stages appear:

In the first, the child loses all idea of correspondence
as soon as one of the series is displaced and merely
chooses the elements that are opposite one another. In

the second stage, he tries to discover the correct cor-
respondence either by empirical means or by counting,
but he constantly confuses the right position with that
of the preceding term. In the third stage, however, he
solves the problem by coordinating his estimate of the
required position with that of the cardinal value of the
sets in question (Piaget, 1941, Conception of Number,
pp. 106-107).

The child who can consistently respond at the level of the third
stage in tasks involving reconstruction considers each element "both as
an element of a class and of a relationship, not alternatively and
separately . . . but simultaneously, forming one and the same opera-
tional whole" (Piaget, 1941, p. 120). Numerically, the operations of
classes and relations are represented in cardination and ordination.

Piaget warns, however, that the sequence he describes may not
always hold.

It is obvious that in each test a considerable number of
heterogeneous factors intervene, e.g. the words used,
the length of the instructions given, their more or less
concrete character, the relationship between the instruc-
tions and the individual experience of the child, the
number of elements involved, the intervention of numbers
the child knows, etc. We noticed wide differences in
the results of the various tests of cardinal correspondence,

153



showing that we never succeed in measuring understanding
of thin correspondence in its pure state and that the
understanding is always with respect to a given problem
and given material. The calculation of the correlation
between the levels of cardination and ordination, without
the accompaniment of an extremely thorough qualitative
analysis':, could therefore give only misleading results,
unless our experiments were transformed into "tests" in
which statistical precision could no doubt easily be
obtained, but at the cost of no longer knowing exactly
what was being measured (Piaget, 1941, p. 149).

Relationships Among the Tasks

in the present study, as has been noted, the children performed
somewhat better in the ordination tasks than in the seriation tasks.
The reordering tasks were clearly the most difficult. Despite Piagel's
caveat against attempts at correlation, it Is interesting to examine the
extent to which individual children revealed operational thinking in the
three kinds of tasks.

in Table 47 only those children whose solutions were correct
throughout each of the kinds of tasks are classified as operational.
As indicated earlier, this kind of scoring eliminated children whose
responses were transitional. Each of the kinds of tasks may also be
examined separately to see how extensive such responses were.

Table 47

Patterns ot Operational Performance in
Serial Ordering Tasks of Second Grade Children

Tasks in Which
Operational. Thinking

was Revealed No. of Children Percent

None 282 53

Only Ordination 133 25

Only Seriation 70 13

Ordination and Seriation 82 15

Ordinatton, Seriation
and Reordering

24 5

Other Patterns 38 7

All Tasks 629 100
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Seriation Tasks

The maximum score possible for the first seriation task was 12, and
for the second, 18'. The scores in the first task (A, six items) ranged
from 5 to 12, and in the second task (B, eight items) from 5 to 18. In

both cases the scores tended to cluster toward the top. The median
score for task A was 11.71 and for task B 16.71. Sixty-two percent of
the children received the top score in task A, 37 percent the top score
in task B, and 30 percent had top scores in both tasks.

Ordination Tasks

The ordination tasks called for three responses for each of the
corresponding series of monkeys and balloons and knives and forks.
Table 48 shows the number of correct responses given for each of the two
sets. The slightly better performance on the second series may reflect
familiarity with the task. The differences in the ordinal position of
the items in the two series (3, 6 and 9 for the first series; 4, 7 and 8
for the second) seem insufficient to account' for any differences in
performance.

Table 48

Number and Percent of Correct Responses Given by
Second Grade Children in Six Ordination Tasks

Series
Number of
Correct

Responses
Monkeys-Balloons Knives-Forks

No. of Children Percent No. of. Children Percent

None 63 10 22 3

One 85 13 54 9

Two 154 24 160 25

Three 331 52 397 63

All Responses 633 99 633 100

omm .os*

Table 49 relates performance in the seriation tasks to performance
in the ordination tasks. The children have been arranged in groups
according to the number of correct responses they gave to the six ordin-
ation questions. For each group the mediation seriation score is pre-
sented. For this purpose the ordination responses made in the monkey-
balloon series were pooled with those in the knife-fork series. The

seriation tasks were treated separately. The development of the two

abilities is not precisely parallel, but close.
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Table 49

Median Scores in Each of Two Seriation Tasks
of Second Grade Children Giving Different Numbers
of Correct Responses in Six Ordination Tasks

Ordination
.111. I.

No. of
Correct

Responses

Tasks
ho,re

Seriation Tasks

No. of
Children Percent

.
Task A (Six Items) Task B (Eight Items)

Median Score Median Score
(Range 5-12) (Range 5-18)

Zero 8 1 11.8 15.0

One 23 4 10.6 13.4

Two 33 5 11.1 14.6

Three 54 9 11.6 14.7

Four 9() 15 11.7 16.7

Five 149 25 11.5 16.5

Six 250 41 11.8 17.5

All
Responses 607 100 11.7 16.8

Some children did rather well in the seriation tasks and performed
rather poorly in the ordination tasks. In these instances the seriation
task was probably solved intuitively rather than operationally. Such an
intuitive or global approach, as Piaget has demonstrated, breaks down
when applied to the ordination problem. it may be noted, also, that the
median scores for the second and more difficult sedation problem are
spread further apart than is the case for the easier seriation task.

Reordering Tastes

The reordering tasks were more demanding than the ordination tasks.
After a series that had been placed in one-to-one correspondence with
another series was scrambled, fewer children were able to identify cor-
rectly items that were in correspondence, than was the case when one of
the series was merely moved in space. Similarly, the fact that a child
can form a series and set up a correspondence with another series gives
no sure guarantee, at the ages tested, that he can make a correct iden-
tification of corresponding items after one series has been scrambled.
There was, however, some evidence that performance in these tasks im-
proved with practice. In the first reordering task, 116 children, or
18 percent responded correctly. In the second task, however, 258 or
41 percent responded correctly. But only 62 children, or 9 percent
responded correctly in both tasks.



To examine the relationships between performance in the reordering
tasks and the seriAtion tasks, median striation scores were calculated
for children who were successful and for those who were unsuccessful in
each of the reordering tasks. In both tafiks the median scores were only
slightly higher for those who succeeded than for those who did not.

In Table 50, the performance of children in the reordering tasks is
related to their performance in the ordination tasks. The children have
been grouped according to the number of correct responses in ordination,
and the number and percent who responded correctly in each of the reor-
dering tasks is presented for each group. It can be seen that overall
the percents of children succeeding in the reordering tasks increase as
the scores in ordination increase.

Table 50

Number and Percent of 629 Second Grade Children
Responding Correctly in Reordering Tasks

Who Had Different Numbers of Correct Ordination Responses

*.
Ordination Reordering

No. of
Correct

Responses
Children
Number

Task A (Monkeys) Task B (Knives)

Chldrn.Rspdg.Correctly Chldrn.Rspdg.Correctly
Number Percenta Number Percenta

Zero 9 1 11 3 33

One 25 1 4 7 28

Two 36 4 11 10 28

Three 60 6 10 20 33

Four 92 13 14 37 40

Five 154 26 17 70 45

Six 253 65 26 111 44

a Based on total succeeding and not succeeding for the specified
number of correct performances in ordination.

Table 50 also suggests the necessity for caution in interpreting
data such as these. On the basis of the figures for the first reorder-

ing task alone, the probability that a child succeeding in all of the

ordination tasks will succeed in reordering appears small but is greater

than if he succeeds in only four or five of the ordination tasks. How-

ever, the additional information provided by the second reordering task

indicates that those who succeed in four and five ordination tasks are

as likely to succeed in reordering as those who succeed in six.
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Clearly, as Piaget contends, a variety of factors influence each

child's performance in the serial ordering performance. Experience with

the interview procedures is one such factor. Experience in and out of

school may also be important in the age period covered in this study.

A child may become quite adept at a particular task, using the number

line, for example, but his demonstrated success in that provides no

guarantee that he may not fumble when he confronts the problem of order-

ing in a new context.

In this connection it may be worth noting that in preparing the

various analyses of the data, the investigators often had the impression

that the children's performance in the serial ordering tasks and also in

the transitivity tasks was somewhat less consistent and less predictable

on the basis of PPVT I.Q. or conservation level or program of instruction

than was the case in the other tasks.

Transitivity Tasks

When the post-tests were being constructed, the transitivity tasks

were thought to tap abilities similar to but more advanced than those

involved in the serial ordering tasks. The transitivity tasks involve

the logic of relations, as do the serial ordering tasks. Since the com-

parisons were to be made on the basis of length, they were similar to

the comparisons made in the serial ordering tasks. But there are other

important elements in the tasks.

One such element is the fact that the child must maintain his grasp

of the relationships between the two sticks, A and C, and the measuring

stick, B, against an illusion that distorts those relationships. From

this point of view the task is not dissimilar to that involved in the

conservation tasks. A second important element is that after each state-

ment of his judgment, the child was asked, "How can you tell?" The

scoring allowed full credit if the child made the correct judgment each

time but justified it only once. Interviewers in the present study

suggested that from the child's point of view, the repetition of the

request for justification may challenge his understanding of the rela-

tionship among the sticks as the conservation questions challenge his

understanding of the effects of transformation.

It may be argued that the appropriate conservation tasks to be com-

pared with these transitivity tasks would be ones Involving the conser-

vation of length. This is certainly true. However, Piaget in discuss-

ing the transitivity of equivalence (A = B, B = C: A = C) notes:

"Broadly speaking, it can be said that children who fall to understand

composition of relations of equivalence also fail to grasp one-one

correspondence, whereas those who understand one-one correspondence are

at once able to compose several relations" (Piaget, 1941, pp. 204-205).

In the present instance the transitivity tasks deal with inequalities,

and in line with current findings relqted to the conservation of Inequal-

ities (Rrison, 1966) (Davol et al., 1967), are perhaps easier than tasks

involving equalities. Accordingly, it seems reasonable to expect that
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children who have achieved conservation of number, an operation based

on an understanding of one-one correspondence, will be more likely to

be operational in the transitivity tasks.

The method of scoring the transitivity tasks used in the present

study may be regarded as stringent. In the Smedslund (1963) study from

which the testing procedures of the present study were derived, the

scoring was somewhat less stringent. Credit for transitivity was given

in that study if the child gave four correct judgments and/or at least

one correct explanation. In the present study, one explanation as well

as all judgments had to be correct. Table 51 shows the performance of

the children in each of the four tasks. The number of children making

correct judgments and giving correct explanations increases as the tasks

proceed. But study of the individual performances indicates that the

number of children who are consistent across all the tasks is not as

large. Of 160 children who were scored clearly operational (four

correct judgments and one adequate explanation), only 90 gave correct

judgments and explanations in all four tasks. The remainder, although

they gave four correct judgments, gave from one to three correct expla-

nations. Another 84 children, who were not scored as operational, gave

judgments in each of the four tasks, but no correct explanation.

Table 51

Performance of 633 Second Grade Children

in Each of Four Transitivity Tasks

011.1001011141

Number of Children with Designated Performancer
Correct Judgment
and Inadequate Correct Judgment

Incorrect Judgment Explanation or and Adequate

Task and Explanation No Explanation Explanation

A 336 152 145

B 283 203 147

C 263 213 157

D 254 203 176

-
Relationship ofIrslalLimiLyt22):prial Ordering

About half of the children (347 out of 629) were operational in at

least one of the serial ordering tasks, while only 160 children were

scored operational in the transitivity tasks. However, as may be seen

in Table 52, 29 percent of the children who were operational in the

transitivity tasks were not operational in any of the serial ordering

tasks. It is also interesting to note that while relatively few (24)

children were operational in all three of the serial ordering tasks,
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they were divided about equally on the transitivity tasks , 13 being

operational and li not operational.

Table 52

Patterns of Performance in Three Kinds of Serial Ordering

Tasks for 629 Second Grade Children

Who Were Scored Operational and Not Operational

in Transitivity Tasks

,...11.
Performance in Transitivity Tasks

Operational Not Operational

Performance in No. of No. of

Serial Ordering Children Percent Children Percent

Operational in

No task 46 29 236 50

Ordination only 42 26 91 19

Seriation only 19 12 51 11

Ordthation and
seriation only

30 19 52 11

Ordination,
seriation and
reordering

13 8 11 2

Other patterns 10 6 28 6

All Patterns 160 100 469 99

Relationship of Transitivity to Conservation

A somewhat similar picture emerges as far as the relationship with

conservation is concerned. However, the reader may recall (Table 28,

Chapter VI) that the correlation between conservation and transitivity

scores is higher than it is for any of the other tasks. One hundred

twenty-two, or 76 percent, of the children who were operational in the

conservation of number tasks were also operational in the transitivity

tasks. But there were 24 percent who did not meet the criterion for

operational thinking in conservation and who did meet it in transitivity.

It is interesting to note that while 122 children were operational

in both the conservation of number and the transitivity tasks, 104 chil-

dren (Table 52) were operational in both the transitivity tasks and In

one or more of the serial ordering tasks. However, when the patterns of

performance across all three kinds of tasks were examined (see the dis-

cussion of overall performance for all programs in Chapter Vi), only
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55 children who were operational, in the transitivity tasks were found to
be also operational in both the conservation of number and one or more
of the serial ordering tasks. Of these 55, only 16 were also conserving
in weight. These findings offer some support for the notion that chil-
dren might handle the transitivity tasks presented in this study either
as problems related to serial ordering or as conservation problems.

Classification Tasks

Two kinds of tasks tapped the children's ability to classify--the
matrices and the class inclusion problems.

Piaget 's studies have indicated that the matrix tasks may be solved

by four and five year olds. The class inclusion tasks are difficult
even for the older children. Thus it might be said that these measures
tap the extremes of classification ability for the age period encom-
passed by the study. However, the possibility that solution of the
matrices at the earlier levels may derive from a perceptual matching
procedure not involving a conception of a class of objects somewhat
limits the usefulness of the matrix tasks.

Adequate assessment of classification, according to Piaget, would
include some means of appraising the child's grasp of both extension
(definition of the members of a given class) and intension (the proper-
ties common to its members). Coordination of these two aspects of clas-
sification involves both retroaction (hindsight), keeping in mind the
way in which a collection or class was started, and anticipation (fore-

sight), looking ahead to either more comprehensive classes, or to finer
divisions of those already formed (Inhelder and Piaget, 1964, pp. 282-
287).

Both the matrix tasks and the class-inclusion tasks furnish evi-

dence on these kinds of processes. in the matrix tasks, the comments
the children made in response to the question "how can you tell" pro-

vided supplementary information to the cards they selected. However,

since the interviews were rather long, and many of the children not

inclined ta, make explanotions..the data in the present study were not as

complete, as one would like for these tasks. in contrast, the explana-

tions in the class-inclusion tasks may be analyzed for evidence as to

the way the child arrived at his conclusion. This kind of analysis has

not yet been completed.

Matrix Tasks

The matrix tasks, as Table 53 shows, vary in difficulty. The

three-attribute tasks, as one would anticipate, appear to be slightly

harder than the two-attribute tasks.

The children's total scores in the matrix tasks may be related to

their performance in the seven other kinds of post-test tasks (see

Appendix C, Table 2). While there was much variation in performance on
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these Miter LaskN, IL fs clear that a larger percent of children who

scored at the mean (12.4) or above in the matrices were operational in

their thinking than was the case for those scoring below the mean.

A child could score as much as 16 without ever using three attri-

butes. Accordingly, it seemed that the score representing the maximum

number of attributes used might provide a better clue to the level of

the child's thinking than did the total score. All the children with

scores of 17 or above also had a score of 3 for maximum attributes. But

there are also children with scores of less than 16 who may ha.,!2 a score

of 3 for maximum attributes.

Table 53

Means and S.D.'s of Number of Attributes Correctly Used

in Eight Matrix Tasks by 629 Second Grade Children

4. a.. 00000 . .7 O..

Task Attributes Mean

A form/color

B form/shading

C form/number

1) color/direction

E form/color/direction

F form/color/direction

G form/color/direction

H form/color size

Two-Attribute Tasks

1.69 .52

1.17 .68

1.22 .67

1.45 .6')

Three-Attribute Tasks

1.84 .82

1.75 .75

1.78 .91

1.78 .81

...

Table 54 shows the relationships between the level of functioning

in the matrix tasks and success in the other tasks. The relationship to

the two most difficult of the other tasks, reordering and class inclu-

sion, is noteworthy.

Class Inclusion Tasks

The class inclusion tasks, like the conservation tasks, were pre-

sented to all of the children in the study at interviews in both the

first and second grades. A majority of the children were also inter-

viewed in the kindergarten. Table 55 shows the percent of both groups

who were correct in each of the tasks at each of the successive inter-

views. The table emphasizes the difficulty of these tasks for second

162



Table 54

Percent of 628 Second Grade Children Operational and
Not Operational in Post-Test Tasks

Grouped According to the
Maximum Number of Attributes Used in Matrix Tasks

Percent Using Designated Number of Attributes

Post-Test Tasks
One

Attribute
Two

Attributes
Three

Attributes
No. of
Children

Conservation

Operational 05 42 53 365

Not Operational 10 63 27 263

Conservation of Weight

Operational 04 42 54 222

Not Operational 09 56 35 406

Class Inclusion

Operational 00 32 68 50

Not Operational 08 53 40 578

Seriation

Operational 04 34 63 188

Not Operational 08 59 33 440

Reordering

Operational 03 31 66 62

Not Operational 07 53 39 566

Transitivity

Operational 04 44 51 171

Not Operational 08 54 38 457

graders as well as for kindergartners and first graders. The findings
paroliel those of Kofsky (1966) who found this kind of task to be next
to the most difficult of eleven experimental tasks set up to test the
developmental sequence for classification as described by Piaget. Nine-.

teen percent of the seven-year-olds in Kofsky's study were successful.
However, the number of items in her tasks was smaller than in task D in
the present study and none involved alteration of the relationships as
did task D.
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Table 55

Percent of Children Succeeding in Each of

Four Class Inclusion Tasks in. Successive Interviews

Task Fall, 1965

Fruit

Blocks

Cars

Added Cars

Fruit

Blocks

Cars

Added Cars

Fall, 1966 Fall, 1967

Percent of 431 Children Interviewed Three Times

20

6

6

3

41

16

21

51

25

45

10 23

Percent of 202 Children Interviewed Twice

32 48

7 13

13 31

6 18

Both the matrix tasks and the class inclusion tasks may be studied

for evidence of what might be called individual style. The interviewers

noted that some children made immediate judgments and revised them,

while others were inclined to stick by their original assertions. in

the class inclusion tasks, the length and the complexity of the answers

also reflected individuality. Inhelder and Piaget (1964) have commented

that "there is hound to be a good deal of variation between individuals

(and much of this variation may well be due to differences of character

rather than cognitive differences)" (p. 287).

Discussion

Although the primary intent of this study is not to uphold or

negate the tenets of Piaget's theory, the results presented in this

chapter shed some light on certain persistent issues. These issues have

some theoretical interest as well as pertinence to pedagogical applica-

tion.

Invariance and inteyration

As the recent volume of research based on Piaget's theory, 1,90cal.

'Thinking in Children, edited by Sigel and ilooper (1957), points out, two

of the central themes in the theory are the invariance of the stages and

the hierarchical and integrative nature of cognitive growth. The papers

in that volume offer better support for invariance than for integration

(p. 505). This is also true for the results in the present study,
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although, as suggested at the end of. Chapter VI, those of decided
Piagetian persuasion can argue that the lack of support for integration
stems from the nature and the timing of the interviews.

Support for the notion of invariance in the acquisition of opera-
tional concepts is strongest in the conservation tasks, where the chil-
dren, by and large, conserved number in relation to blocks before they
conserved quantity in relation to liquid, and both of these before they
conserved weight. In the serial ordering tasks, for which there are no
longitudinal data, reordering was clearly more difficult than seriation
or ordination. The class-inclusion tasks, for which there are longi-
tudinal data, were not clearly ordered, but this is probably an artifact
of their difficulty.

Little support is provided for the notion of "a total reorganiza-
tion" or hierarchical integration at the age of seven. Only three chil-
dren of the 622 who were included in the study were operational in all
seven kinds of tasks. The picture that emerges is clearly that of a
child who is, to use Piaget's terms, capable of "individual concentra-
tion," "cooperation" and also of "a certain degree of reflection"
(Piaget, 1967, p. 39). He is no longer the quite easily distracted
preoperational "child of wonder" as described by Flavell (1963),
but neither is he yet the sober, systematic bookkeeper of reality that
he is, according to the theory, to become when his thought is truly
operational.

The seven-year-old of the present study, then, may perhaps best be
described as a "transitional," one, who in many respects thinks and acts
differently from the way he did at five, but has only begun to achieve
the consistent logic that characterizes operational thought. Whether
the description might be different had his interview been clinical in
nature is not known. Nor is it known whether postponing the interviews
for another six months or perhaps a year would have revealed the com-
plete transformation and reorganization in thinking that Piaget has
described.

The most fundamental questions, however, have less to do with the
timing of the transition, particularly with when it may be regarded as
completed, but are more concerned with the nature of the transition and
the factors underlying it. Until these are better understood, it will
be difficult to prescribe any kind of pedagogical intervention with
assurance as to what its ultimate effect may he.

Piaget speaks of maturation, action on the physical world, social
experience, including instruction from adults and collaboration with
peers, and equilibration, or self regulation. The first and the last
factors cannot easily be manipulated, although it should be possible and
certainly interesting to compare the transitions made by children iden-
tified as rapid and slow developers on various physical measures.
Obviously, also, all four factors are interrelated, increasing the
child's opportunities for action on the physical world, or structuring
it in different ways, or providing more adult instruction, or perhaps



more contact with peers in an adjoining stage of cognitive development

should demand more accommodation, and an eventual assimilation on the

part of the child. But it is just here that equilibration theory offers

more promise than direction. How is the educator to determine when the

cognitive input is sufficient to facilitate the child's learning, when

it flay be so complex as to serve only to confuse, or when it is so

meager as to impede learning?

The gaps in present knowledge are reflected in the results of the

present study. The scientists and mathematicians who prepared the

lessons prescribed for kindergarten and first grade drew as well as they

could on current information regarding learning and concept formation in

early childhood, including that provided by Piaget. The programs were

tested in classrooms so that something was known about how the children

would cope with them. But whatever the effect of the prescribed lessons

may have been, there is no evidence that they led to a new integration

or total reorganization of the children's thinking as they began second

grade,.

The picture of the cognitive development of the five-to-seven year

old that has been derived from the findings throws considerable light on

the difficulties, given the present state of knowledge, of prescribing a

program of instruction to facilitate logical thinking in those years and

also on the difficulties of carrying out such programs. We shall return

to these matters of practical application in Chapter V111.



CHAPTER VIII

SUMMARY AND IMPLICATIONS

The major questions addressed in this study concerned the of ects

of instruction in the basic concepts of mathematics and science begin-

ning in kindergarten, or beginning in first grade, on the logical think-

ing abilities of second-grade children. Groups of children whose math-

ematics and science lessons were prescribed in teacher manuals and work-

books by representatives of these disciplines were compared with groups

of children in classes where the mathematics and science activities were

limited to those planned by the teachers. The groups having prescribed

lessons in kindergarten were also compared with groups whose prescribed

lessons began only in first grade.

The children's performance in tasks derived from the work of Piaget,

involving conservation, serial ordering, transitivity and classification,

provided the information regarding their abilities in logical thinking.

The content of the prescribed lessons as set forth in the teachers'

manuals was analyzed to see to what extent the lessons emphasized such

abilities. Some of the lessons in each of the prescribed programs were

observed in the classrooms by experts competent in judging whether they

were proceeding as anticipated by those who had prescribed them. A set

of lessons for one program was tape-recorded.

The results are not clear-cut. In the second grade the group of

children who had no prescribed lessons in either kindergarten or first

grade performed about as well in the Piaget-derived tasks as did the

groups who had prescribed lessons beginning in kindergarten. But the

latter groups performed better than did the groups whose prescribed

lessons began only in first grade.

The ambiguity of the findings precludes the drawing of final con-

clusions, either as to the major questions of the study, or as to the

more subsidiary questions having to do with the relevant efficacy of

different ways of presenting science concepts to children and also with

the relative effectiveness of different kinds of teaching strategies.

Nevertheless, they do provide evidence as to the nature of the chil-

dren's thinking in second grade, and also earlier. Evidence of this

sort throws light, as' does evidence gathered in the subsidiary study

of the teaching of some of the prescribed lessons, on the complex inter-

actions that are involved when early instruction is undertaken.

The lack of satisfactory evidence with regard to the major ques-

tions of the study, may be attributed to the inability to control ade-

quately in a field setting certain variables relative to the outcome.

Conceivably, however, the equivocal nature of the findings is not an

artifact of the research design but a true reflection of the recalci-

trance of the young child's thought structures to modifications from

without.
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The findings regarding the nature of the second graders' thinking
are not equivocal. The range of tasks presented and the number of chil-
dren involved are sufficient to warrant generalization. The child

beginning second grade is typically inconsistent and often illogical
when confronting the kinds of tasks posed in the study. He has not yet

developed, or does not readily bring to bear on the tasks, the coordi-
nated structures that Piaget describes as typical of the child who has
reached the operational level of thinking.

These findings, together with the inferences regarding the thinking
of the kindergarten and first-grade child that can be made from them,
and from other data in the study, have implications for the content of
the mathematics and science curriculum and also for the kind of instruc-
tion necessary if the curricula are to be effective.

Curricular Content and its Timing

The variation in progress toward operational thinking exhibited
among the second-graders in this study raises many questions about the

way that progress occurred. In what order were the basic concepts pre-
sented in the lessons acquired? Were children who, in second grade,
appeared to be operational in the serial ordering tasks but not in the

conservation or class inclusion tasks, more alert, in the kindergarten,
to differences than to similarities? Why were some early conservers not

yet operational in the serial ordering tasks when they reached second

grade?

The longitudinal data in this study, and in other studies, indi-

cates that there is an invariant order for the acquisition of conserva-

tion. Presumably invariance in sequence also applies to the acquisition
of the abilities involved in serial ordering, transitivity, and class

inclusion. Then individual variation in the timing of the acquisition
depends not only on maturation but also on the timing of the environ-
mental encounters from which the concepts are constructed. Perhaps,

however, certain kinds of encounters effect reorganizations that may

telescope certain stages. Or cognitive learning in these years may be
orderly to the extent that the child has been exposed to and has

retained the order imposed on him by adult arrangement, but disorderly

to the extent that he has responded to a great variety of physical and

social encounters in his own idiosyncratic fashion.

All of these possibilities, but particularly the last two, are

clearly fraught with hazards for the curriculum innovator who is intent

on imposing his logic on the prelogic of the young child. Obviously he

must arrange the concepts that are to be taught in some order, beginning

with the ones that appear on the basis of intuition or empirical inves-

tigntion to be easiest for the children to grasp, and teachable through

the medium of some specified activities. The adequacy of the match

between the activities and the child's interest may be the key to the

success or failure of a particular curriculum.
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Those who propose prescribed lessons are obviously not unaware that
in the classroom they must reach not just one typical child, but twenty
to thirty different children. Moreover when the curriculum is being
developed for use in many different communities, the classrooms, depend-
ing on their socioeconomic and geographical settings, will each present
different mixtures of experiential backgrounds to say nothing of person-
ality and attitudinal factors. Those who construct the curriculum may
decide to take such diversity into account and to suggest different
instructional strategies either to build background or to extend inter-
est. Or they may conclude that they can prescribe the instruction, as
well as the content of the curriculum, so specifically that a majority
of the children, if not all, can benefit from them. Different groups may,
of course, proceed th:ough the lessons at different rates.

In the present study two of the prescribed programs (HAAS and GCMP)
were quite explicit about: how the instruction was to be conducted,
although their pacing and the extent to which certain exercises were to
be repeated were left to the teacher's judgment. The SCIS program was
less prescriptive and left many more decisions to the teacher. Clearly
the nature of the instruction may be an important variable in the
effectiveness of any prescribed program.

Instruction and the Assessment of the Individual

The SCIS program, more or less explicitly, based its theory of
instruction on Piaget's theory of equilibration or self-regulation. The
curriculum for the classes that had no prescribed lessons, but who 1.-ti a
variety of activities related to mathematics and science beginning in
kindergarten, was not explicitly committed to the theory of equilibra-
tion. The general concepts to be conveyed in this curriculum were alSo
of a different order from those stressed in the other programs. Never-
theless, it may be said that both of these curricula placed relatively
less emphasis on the acquisition of concepts through direct instruction,
and relatively more emphasis on the child's construction of the concepts
from his own experience and at his own pace, than was the case in the
other curricula.

Critics of Piaget's theory of equilibration have suggested that it
ought not be applied to instruction. They note that when a child at a
certain point in time lacks a particular concept, it cannot, according
to Piagetian theory, be taught to him directly. Rather, attempts at
training or instruction lead to pseudoconcepts that break down when the
questions or the materials representing the concept are changed. The
notion that the child must construct the concept from his own experience
implies that direct teaching is of no avail.

It is true that Piaget's statements of the factors involved in the
translition from one kind of thinking to another (maturation, experience
with the physical world, social experience and equilibration) offer the
educator no prescription for what to teach, or when, or how. But it
does not seem that they rule out the necessity for any kind of
instruction.
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The process of equilibration involves both accommodation and assim-

ilation. Instruction provides new information, and suggests to the

child that adults organize information, or view the world differently

than he does. The child may accommodate to, or imitate the adult's

statements without grasping their full significance. However, given

sufficient opportunity not only to practice saying them, but to test

their applications through his own experiences, the child eventually

assimilates the adult's meaning, wholly or in part, and makes it part

of his own system of meanings.

In the present study the data from the classroom observations of

the experts and more particularly the tape-recorded classroom observa-

tions provide many instances where a child's statement or his behavior

implies that he has made a verbal accommodation to a concept without

grasping its full meaning. For example, when children in a first grade

class made an ordering of colored cards on the basis of color brightness,

one child questioned whether or not this was a serial ordering since it

was not done by size.

This and similar instances underline the importance of the

teacher's understanding of the cognitive significance of the child's

comments. They also suggest the importance of the teacher's skill in

individualizing and diversifying activities. If she fails to adapt

these to the level of their understanding, some children may waste time

repeating activities of which they have had a surfeit, and others may

flounder because they have had an insufficiency.

In retrospect it seems fairly clear that none of the prescribed

programs offered the teachers much help in assessing the progress the

children were making. Had they had access to the kind of techniques

used by Piaget, and had they felt: free to use them with individuals in

the classroom, they might have viewed the children's thinking differ-

ently. Perhaps they would have been better able to ascertain the

sources of their confusion and to provide activities to correct them.

The notion that the instruction should match or pace the children's

cognitive development appears logical, but much is still to be learned

about how to assess such development as well as about pacing instruction

to it.

The problem is not only that development appears to be uneven, and

that progress as the teacher observes it may be a matter of advance and

retreat, rather than the forward-moving sequence so often inferred from

Piaget's theory. It is also that individual children differ so much not

only in cognitive level, but also in their attitudes, their interests

and their concerns.

Learning to carry on clinical interviews of the type used by Piaget

would give teachers command over an important assessment technique. But

many questions as to how such assessment would be done need considera-

tion. Would teachers trained in Piaget techniques replicate his
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interviews in the classroom? Or would they use his method of inquiry

in their discourse with the children? Or would they apply insights

derived from his theory to their observation of the ways the children

handled materials and equipment and responded to instruction?

Many years ago Susan Isaacs commented that Piaget's interviews

(dealing with causality) dug deeper than he realized. She was concerned

that he was tapping elements of the child's fantasy rather than apprais-

ing his understanding of reality. This comment is not without relevance

today. What does repeated assessment come to mean to the child? Here

again we may anticipate that the significance of repeated inquiries

would vary from child to child. Properly conducted, by an interviewer

who respects the child's way of looking at the world, his pace and his

style, the Piagetian tasks appear to be intriguing and satisfying to

most youngsters. Whether this would continue to be true if they became

a regular part of, the curriculum is a question not yet much investigated.

Assuming that Piaget techniques were to be incorporated into the

repertory of teachers, particularly at the early childhood level, a

further question has to do with the use to be made of the information to

be gained through such assessment. Several of the studies in which

attempts have been made to train children in operational thinking

suggest that instruction might reasonably be given to children who were

in transitional stages, while it might be postponed for those who gave

no indication of being transitional. But what kind of instruction is

appropriate and if there is to be postponement, how long should it be?

During such a period of postponement is there to be no instruction, or

are there activities that should be regarded as prerequisites for later

dkvelopment? It may be argued that more knowledge of the thinking of

the individual children and more opportunity to adapt the lessons to

their particular ways of thinking was exactly what the prescribed pro-

grams in this study needed for full effectiveness. But it may also be

arg'ied that the expectation of effecting a major change in the organi-

zation of children's thinking through a modification of a fraction of

the total curriculum is unrealistic. (Those who wrote the prescribed

programs did not specify the accomplishment of such an objective for the

begin.,ing of the second grade, although the lessons prescribed for first

grade clearly implied an expectation for considerable progress by then.)

The argument that curricular change is unlikely to accelerate, or

even to facilitate the transition from preoperational to operational

thinking is supported by the tape-recorded lessons. The data from these

highlight the fact that not all of the time devoted to prescribed

lessons is devoted to cognitive interchange. Procedural matters take up

a little more than a fourth of the time. Furthermore, the actual

involvement of each child as the lessons proceed is difficult to

estimate.

The tape recorded data also suggest that the usual give and take of

the classroom discourse allows little leeway for dealing with other than

the expected or "right" answers. Even in the lessons where the teachers
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were encouraged to allow the children much freedom in exploring and

talking about the properties of objects, there were few questions and

relatively little searching for explanations on the part of the children.

This finding may be an artifact stemming from the teachers' knowledge

that they were being tape-recorded and the fact that they were teaching

the lessons for the first time. Under these circumstances perhaps they
felt safer in following the rules of the classroom game as it is most

typically played. However, assuming the finding to be genuine, it

suggests that the game must be modified If the instruction is to be

cognitively productive for first graders.

One such modification would encourage more interchange among the

children themselves. Piaget has made few pronouncements on pedagogy but

they do clearly support the notion that the children have much to gain

from each other, particularly when the environment also provides many

opportunities for physical as well as social encounters. Such inter-

change was prescribed although possibly not realized in the SCIS lessons.

It may be presumed that such interchange was also emphasized in the

classrooms that did not have prescribed lessons.

A second modification would provide for more frequent and more

meaningful cognitive exchanges between the adult and the children. To

accomplish this, the amount of time the teacher spends working with the

class as a total group may need to be reduced and the time she spends

with small groups and individuals increased.

The curiosity, imagination, and intuitive thinking that are

presumed to characterize the preoperational child may not be necessarily

antithetical to the logic of the adult. But capturing and holding the

interest of the child so as to shift his view toward that of the adult

is not easy. Sometimes the child apparently assimilates a concept the

adult has tried to teach him, but in doing so distorts the meaning the

adult intended. For example, some of the youngsters in some of the SCIS

classrooms carried out serial orderings with alacrity and seeming under-

standing. Yet their commentary had nothing to do with height, width,

texture, or any variable of interest to the scientist. Rather they

arranged the objects as a family, beginning with the "Daddy," and con-

tinuing through the mother, and various brothers and sisters down to the

"tiny baby."

Perhaps the critical problem in developing curriculum for these

early childhood years, and also in providing instruction, is to find

ways of helping children to invest interest in knowing more and more

about their physical and social environment. The organization of such

knowledge in a logical, systematic way is a major goal. But it does not

appear to be one toward which progress can be greatly accelerated by the

usual methods of instruction. Each child needs time to sort out the

aspects of his knowledge that are purely personal from those that are

shared with others. He needs time to divorce the fanciful and the

aesthetic from the scientific. Since science and mathematics draw on

imagination and creativity as well as on logic, the time devoted to
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modes of knowing other than the scientific need not necessarily impede

his progress.

Eventually, as any teacher who has covered the grades from kinder-

garten through third knows, and as Piaget has maintained, child,:en do

become able to handle knowledge in ways similar to those of the adult,

although they cannot yet process as much complex information. The

present study has investigated some of the factors involved in this

transition from preoperational to operational thinking. It has examined

the complexities involved in instruction designed to facilitate the

transition, and it has highlighted the extent to which the transition

does indeed seem to be a matter of individual development.
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Appendix A

Schedule for Final Interview
(Includes Tasks Used for Kindergarten and First Grades)

CODE

NAME OF CHILD

SCHOOL

SEX

INTERVIEWER

*ow.

DATE

GRADE

CONSERVATION - BLOCKS

Training
FIRST I WANT TO SHOW YOU
I'M GOING TO PUT THEM ON
NOW HERE ARE SOME YELLOW
I'M GOING TO PUT THEM ON

SOME BLOCKS. HERE ARE SOME RED ONES. (11)

THE TABLE... LIKE THIS (line up)

ONES. (8)
THE TABLE TOO.

A. ARE THERE JUST AS MANY YELLOW ONES AS RED ONES?

B. YOU TAKE SOME MORE YELLOW ONES, AND MAKE IT SO THERE ARE

JUST AS MANY.

(remove one red) NOW I'M GOING TO PUT A RED ONE IN THE BOX.

WHAT ABOUT NOW?
(ARE THERE JUST AS MANY RED ONES AS YELLOW OMES?)

(ARE THERE MORE YELLOW ONES?)

(return the red one) WHAT ABOUT NOW?
(ARE THERE JUST AS MANY RED ONES?)

(Continue only if child has not succeeded above.)

_E. (remove two yellow) Comment on training
Understood throughout
Prompting needed
Doubtful if ever understood
Other

F. (return two yellow)

Testing

1. (bunch red) NOW I'M GOING TO DO THIS TO THE RED ONES.

WHAT ABOUT NOW?
More red More yellow Same

(ARE THERE MORE RED BLOCKS, MORE YELLOW BLOCKS, OR ARE THEY

TUE SAME?)

2. (spread yellow) NOW I'M GOING TO DO THIS TO THE YELLOW ONES.

WHAT ABOUT NOW?

r

More red More yellow
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Appendix A, Continued

:.1t1 [#2, Continued)

(ARE THERE MORE RED BLOCKS, MORE YELLOW BLOCKS, OR ARE THEY

THE SAME?)

3. WHY DO YOU THINK SO?

MINIONIMMINIM10.401.0.111101111

CONSERVATION WITH COUNTING

(Return all red blocks to box; put all yellow blocks back into original
row)

1. CAN YOU COUNT? Yes No Other ONIONME

2. CAN YOU FIND OUT 1(0W MANY YELLOW BLOCKS THERE ARE? YOU COUNT THEM.

(Indicating with finger, interviewer may help child count if neces-
sary)

Number

3. SO, HOW MANY BLOCKS ARE THERE?

4. (spread blocks) HOW MANY NOW?

(If he starts to count, CAN YOU TELL WITHOUT COUNTING?)

No attempt to count

Wanted to count but was deterred

Counted

5. (bunch blocks) HOW MANY NOW?

No attempt to count

Wanted to count but was deterred

Counted

(Return all blocks to box)

CONSERVATION - LIQUID

(Put full pitcher and two empty glasses on table)

I'M GOING TO POUT SOME WATER INTO THIS GLASS (fill to 2/3)

NOW I'M GOING TO POUT SOME WATER INTO THIS GLASS (fill to 1/3)

A. WHICH HAS MORE?

B. CAN YOU MAKE THEM SO THEY ARE THE SAME?

C. (pour some from one glass into the pitcher) WHAT ABOUT NOW?

(IS THERE MORE WATER IN THIS GLASS, THIS GLASS, OR ARE THEY
THE SAME?)

D. (pour water back so they are the same) WHAT ABOUT NOW?

180



Appendix A, Continued

CONSERVATION - LIQUID, Continued

Comment on training
Understood throughout
Prompting needed
Doubtful
Other

Testiqa

1. NOW I'LL PUT THIS INTO HERE (pour one glass into bowl)

WHAT ABOUT NOW?

More in glass More in bowl Same

(IS THERE MORE WATER HERE OR MORE HERE, ARE THEY STILL
THE SAME?)

2. WHY DO YOU THINK SO?

INCLUSION

I. FRUIT - Use 4 bananas and 6 grapes.

A. HOW ARE ALL OF THESE OBJECTS ALIKE . . WHAT DO YOU ULL THEM?

Fruit Other

B. CAN YOU FIND SOME WAY TO PUT THESE OBJECTS INTO TWO GROUPS

WHICH BELONG TOGETHER?
Correct Incorrect

C. PUT ALL OF THE FRUIT INTO ONE GROUP.

Testing.

1. SUPPOSE I WANTED ALL THE GRAPES, AND YOU WANTED ALL THE FRUIT.

WHO WOULD HAVE MORE PIECES OF FRUIT?

Experimenter More Child More

2. HOW CAN YOU TELL?

II. WOODEN BLOCKS - Use 6 blue and 3 orange blocks.

A. CAN YOU FIND SOME WAY TO PUT THESE OBJECTS- INTO TWO GROUPS

WHICH BELONG TOGETHER?

Correct Incorrect

B. PUT ALL OF THE WOODEN BLOCKS INTO ONE GROUP.
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Testing

1. WOULD A TOWER MADE OF ALL THE WOODEN BLOCKS BE TALLER OR SHORTER

THAN A TOWER MADE OUT OF ALL THE BLUE BLOCKS?

Taller Shorter

2. HOW CAN YOU TELL?

III. METAL CARS - Use 8 blue cars and 4 red cars.

A. HOW ARE ALL OF THESE ALIKE . . . WHAT DO YOU CALL THEM?

Cars Other

B. CAN YOU FIND SOME WAY TO PUT THESE OBJECTS INTO TWO GROUPS

WHICH BELONG TOGETHER?

Correct Incorrect

C. WHY DO THESE THINGS BELONG TOGETHER? WHAT ARE THE NAMES OF

THE GROUPS?

PUT ALL OF THE METAL CARS INTO ONE GROUP.

E. ARE THERE MORE RED CARS, MORE BLUE CARS, OR ARE THEY THE SAME?

More red More blue Same

F. HOW CAN YOU TELL?

Testing

1. ARE THERE MORE BLUE CARS, MORE METAL CARS, OR ARE THEY THE SAME?

More blue More metal Same

2. HOW CAN YOU TELL?
/.........

(Add 4 red cars)

1. ARE THERE MORE RED CARS, MORE METAL CARS, OR ARE THEY THE SAME?

More red More metal Same N.m.m.1i*
2. HOW CAN YOU TELL?

SERIATION

I. Mot's and Balloons

A. HERE ARE SOME PICTURES OF MONKEYS. THIS IS THE BIGGEST MONKEY

(C), AND WE'LL PUT IT HERE. THIS IS THE SMALLEST MONKEY (E) AND

WE'LL PUT IT HERE (about 20 inches apart). HERE IS THE NEXT TO

THE BIGGEST MONKEY (0) AND IT GOES HERE, AND THIS IS THE NEXT TO
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SERIATION, 1 /IA., Continued

SMALLEST MONKEY (V) AND IT GOES HERE. (Then, handing the S the

remaining 6 cards in standard order, SUMLIP...) CAN YOU
ARRANGE THE REST, PUTTING THEM IN ORDER GOING FROM THE SMALLER

ONES TO THE BIGGER ONES? (point). TELL ME WHEN YOU HAVE

FINISHED.

(When S indicates that he has finished, record order of his series
here)

C 0 V E

(If correct, proceed with B. If incorrect, the interviewer corrects S
saying, THAT'S ALMOST RIGHT, BUT THIS MONKEY IS JUST A LITTLE BIGGER

THAN THIS ONE, ....)

B. NOW HERE ARE SOME BALLOONS FOR THE MONKEYS. THE BIGGEST
BALLOON (R) BELONGS TO THE BIGGEST MONKEY, SO WE'LL PUT IT HERE.

THE SMALLEST BALLOON (T) BELONGS TO THE SMALLEST MONKEY, SO

WE'LL PUT IT HERE. (Balloons are placed above the corresponding

monkeys.) (Then, handing S the remaining 8 cards in standard

order, HIMNASEV...) CAN YOU ARRANGE THE REST OF THE BALLOONS SO
THAT EACH MONKEY WILL HAVE THE RIGHT-SIZED BALLOON, THE BALLOON

THAT BELONGS TO HIM. TELL ME WHEN YOU HAVE FINISHED.

(Record order of S's series here)

(If correct, proceed with C. If incorrect, interviewer corrects order

saying, THAT'S ALMOST RIGHT, BUT THESE GOT MIXED UP, ....)

C. WATCH WHAT I DO. (The interviewer pushes the row of monkeys
closer together and spreads out the row of balloons, and moves

them to the left so that balloon T is above and slightly left of

monkey U. Pointing to each monkey in turn, he asks:) WHICH

BALLOON BELONGS TO THIS MONKEY?

1. monkey (F)

2. monkey (S) AND THIS ONE?

3. monkey (I) AND THIS ONE?

D. (Leaving the series of monkeys intact, the interviewer scrambles

the balloons.) THE BALLOONS ARE MIXED UP AGAIN. CAN YOU FIND

THIS MONKEY'S BALLOON NOW?

monkey (L) Comment on S's method of solution:
Reorders through card II
Reorders series completely _ _ _
Visual estimate
Apparently random choice
Other

(Interviewer picks up monkeys in order, CEOVSUMLIP, and balloons in-----

order, RTHIMNASEV.)
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SERIATION, Continued

II. Knives and Forks

A. HERE ARE SOME KNIVES. THIS TIME I'M GOING TO PUT THEM IN ORDER,

GOING FROM THE LARGEST TO THE SMALLEST. (Interviewer lays out

in order, EDUCATIONS.) NOW HERE ARE SOME FORKS THAT GO WITH THE

KNIVES. I'LL PUT EACH FORK ABOVE THE KNIFE IT GOES WITH. THIS

BIGGEST FORK (C) GOES HERE ABOVE THE BIGGEST KNIFE, AND THE

SMALLEST FORK (Y) GOES HERE ABOVE THE SMALLEST KNIFE. AND THE

REST OF THEM GO THIS WAY (Interviewer lays out remaining forks

in order, OMPLEXIT.)

B. NOW, WATCH WHAT I DO. (Interviewer poushes the row of forks

closer together and he spreads out the row of knives, and moves

them to the right so that knife E is below and slightly right of

fork L.) (Pointing to each knife in prescribed order, he says:)

1. WHICH FORK GOES WITH THIS KNIFE? (U)

2. AND THIS ONE? (T)

3. AND THIS ONE? (N)

C. HOW DID YOU DO THESE? (Interviewer checks appropriate choice)

Ordination (counting)

One to one correspondence

Other

D. (Leaving the series of forks intact, the interviewer scrambles

the knives saying:) NOW THEY ARE ALL MIXED UP AGAIN. CAN YOU

FIND THE KNIFE THAT GOES WITH THIS FORK, ....)

(X)
Comment on S's method of solution:

Reorders through card I

Reorders series completely

Visual estimate
Apparently random choice

Other

(Interviewer picks up knives in order, EDUCATIONS, and forks in order,

CYOMPLEXIT.)

PRACTICE I
(Interviewer
WHICH ONE OF
JUST LOOK AT

TRANSITIVITY

indicates two sticks on Practice I cloth and asks:)

THESE TWO STICKS IS LONGER? DON'T COUNT THE ARROWS.

THE STICKS.

Correct Incorrect
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TRANSITIVITY, #I, Continued

Prompting: (If S doesn't choose the correct stick, interviewer
may prompt by measuring the shorter stick with his fingers and
transferring them to the longer stick, saying:) SEE, THIS STICK
IS SO LONG AND IT ONLY COMES UP TO HERE ON THIS STICK. NOW
WHICH STICK IS LONGER?

PRACTICE II

Correct Incorrect

(Interviewer indicates two sticks on Practice II cloth and asks:)
NOW, WHICH ONE OF THESE TWO STICKS IS LONGER? REMEMBER NOT TO
COUNT THE ARROWS BUT JUST THE STICKS.

Correct Incorrect

Prompting: (If S doesn't choose the correct stick, interviewer
may prompt by measuring the shorter stick with his fingers and
transferring them to the longer stick saying:) SEE, THIS STICK
IS SO LONG AND IT ONLY COMES UP TO HERE ON THIS STICK. NOW
WHICH ONE IS LONGER?

Correct Incorrect

Test
A. (Interviewer displays Cloth A saying:) NOW, LET'S TRY ONE THAT

IS HARDER. BEFORE YOU TELL ME WHICH IS LONGER, I WILL PLACE THE
BLUE STICK LIKE THIS. (Places Blue Stick B next to left-hand
stick with the ends toward himself coinciding.) THE ENDS ARE
EQUAL (E's end) AND YOU CAN SEE THE DIFFERENCE HERE (S's end).

1. WHICH IS LONGER: THE BLUE OR THE BLACK?

Blue Black

(Interviewer moves the Blue Stick B next to the right-hand
stick with the ends toward himself coinciding.)

2. WHICH OF THESE TWO IS LONGER: THE BLUE OR THE BLACK?

Blue Black

(After S responds, quickly remove Blue Stick B saying,)

3. WHICH OF THE BLACK STICKS IS LONGER?

Correct Incorrect

4. 110W CAN YOU TELL?

B. (Interviewer turns cloth around to the Cloth fl side.)

LET'S TRY IT ONCE MORE. (Moves Blue Stick B next to the right-

hand test stick with the ends toward himself corresponding and

asks:)
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TRANSITIVITY, Continued

1. WHICH IS LONGER? THE BLUE OR THE BLACK?

Blue Black

(Interviewer moves the Blue Stick B next to the left-hand stick

with the ends toward himself coinciding.)

1. WHICH OF THESE TWO IS LONGER: THE BLUE OR THE BLACK?

Blue Black

(Quickly remove Blue Stick B and ask:)

3. WHICH OF THE BLACK STICKS IS LONGER?

Correct Incorrect

4. HOW CAN YOU TELL?

C. (Interviewer displays Cloth C saying:) LET'S TRY IT WITH

THESE STICKS. (Place Blue Stick Y next to left-hand stick

saying:)
1. WHICH STICK IS LONGER?

Blue Black

(Move Blue Stick Y to the right-hand test stick and ask:)

2. AND WHICH OF THESE STICKS IS LONGER?

Blue Black

(Quickly removing Blue Stick Y)

3. NOW, WHICH OF THE BLACK STICKS IS LONGER?

Correct Incorrect

4. HOW CAN YOU TELL?

D. (Interviewer turns cloth around to the Cloth D side.)

LET'S TRY IT AGAIN. (Moves Blue Stick Y next to the right-hand

test stick and asks:)

1. WHICH IS LONGER: THE BLUE OR THE BLACK?

Blue Black

(Move Blue Stick Y next to left-hand test stick and ask:)

2: AND WHICH OF THESE STICKS IS LONGER?

Blue Black

(Quickly remove flue Stick Y and ask:)
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TRANSITIVITY, iiIID., Continued

3. WHICH OF THE BLACK STICKS IS LONGER?

Correct Incorrect

4. HOW CAN YOU TELL?

PRACTICE I

MATRIX

I AM GOING TO SHOW YOU SOME CARDS WITH PICTURES DRAWN ON THEM.

HERE IS A CARD WITH SOME RACING CARS. THERE IS A PLACE FOR ONE

MORE CAR... (pointing to the blank space).

A. WHICH OF THESE BELONGS HERE? (Interviewer then puts each of

the four choices out on the table one by one in the prescribed

order. He leaves them out so that the S can examine all the

possibilities simultaneously.) WHICH ONE GOES THE BEST WITH

THE OTHERS?
YOU CAN PUT THEM INTO THE EMPTY SPACE TO TRY THEM OUT IF

YOU WANT.

B. (After S has selected) HOW CAN YOU TELL IT GOES BEST WITH

THE OTHERS?

If S gives the correct response and explanation, the inter-

viewer says, THAT'S RIGHT. THESE ROWS (he indicates the two

horizontal rows by pointing) HAVE RACING CARS THAT ARE THE

SAME SIZE, AND THESE TWO ROWS (he points to the two vertical

rows) HAVE RACING CARS THAT ARE THE SAME COLOR.

If S has not been able to choose the correct card, or if he

has chosen the correct card but is unable to articulate the

correct reason for doing so, the interviewer places the correct

card on the matrix saying: THIS IS THE CARD THAT GOES BEST

WITH THE OTHERS. TILE RACING CARS IN THESE ROWS (indicating

two horizontal rows by pointing) ARE THE SAME SIZE, AND THE

RACING CARS IN THESE TWO ROWS (pointing to the vertical rows)

ARE THE SAME COLOR.

PRACTICE II

WHEN I SHOWED YOU THESE RACING CARS, THERE WERE 4 CHOICES AND THE

RIGHT ONE HAPPENED TO BE THE LAST ONE I PUT OUT. IN SOME OF THE

ONES I'M GOING TO SHOW YOU NOW, THERE ARE MORE CHOICES BUT THE

CORRECT CARD CAN BE THE ONE THAT IS SHOWN YOU 4th, 1st, 2nd OR

ANY PLACE AT ALL. FROM NOW ON I'M GOING TO SHOW YOU EACH OF THE

CARDS, ONE BY ONE, AND YOU JUST LOOK AT THEM CAREFULLY AND THINK

ABOUT WHICH ONE IS THE CORRECT ONE. THEN I'M GOING TO SHOW THEM
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PRACTICE II, Continued

TO YOU AGAIN, AND THAT TIME, FOR EACH CARD, YOU TELL ME YES OR NO,

IS IT THE ONE THAT GOES BEST WITH THE OTHERS.

A. NOW LET'S TRY THIS ONE. REMEMBER FIRST I'LL SHOW YOU THEM

ONE BY ONE AND YOU LOOK CAREFULLY AND THINK ABOUT WHICH ONE

IS THE RIGHT ONE (interviewer shows each card in turn). NOW

LET'S GO THROUGH THEM AGAIN AND THIS TIME AS I SHOW YOU EACH

CARD, YOU TELL ME YES OR NO, IS IT THE ONE THAT GOES BEST

WITH THE OTHERS? (Interviewer shows each card in turn)

IS IT THIS ONE? THIS ONE? THIS ONE? ....

B. HOW CAN YOU TELL THIS IS THE BEST ONE?

.....,,y......111..1
If the S gives tile correct response and explanation, the inter-

viewer says, THAT'S RIGHT. THESE TWO ROWS (pointing to the hori-

zontal rows) GO BY SHAPE, AND THESE ROWS (pointing to the two

vertical rows) GO BY SIZE.

If S has not been able to choose the correct card, or, if he is

unable to articulate the correct reason for doing so, the inter-

viewer places the correct card on the matrix saying, THIS IS THE

CARD THAT GOES BEST WITH THE OTHERS. THESE ROWS (pointing to the

two horizontal rows) GO BY SHAPE, AND THESE ROWS (pointing to

the two vertical rows) GO BY SIZE.

Testing

NOW WE ARE GOING TO DO SOME MORE OF THESE.

A. Colored Geometric Shapes

1. LOOK AT EACH CARD CAREFULLY AS I SHOW IT TO YOU AND THINK

ABOUT WHICH ONE GOES BEST WITH THE OTHERS. (Interviewer

shows each card in turn.) NOW AS I SHOW YOU EACH CARD,

YOU TELL ME YES OR NO, IS IT THE ONE THAT GOES BEST WITH

THE OTHERS.1
2. HOW CAN YOU TELL THIS IS THE BEST ONE?

(Interviewer checks dimension referred to by S)

question irobe

Color

Shape ...
(Interviewer strictly adheres to same procedure for all remaining

items)
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TESTING, Continued

B. Flowers and Fruit

1. WHICH ONE GOES BEST WITH THE OTHERS?

2. HOW CAN YOU TELL THIS IS THE BEST ONE?

question probe

Shape

Shading

r41,......a1.

C. Flowers and Fruit

1. WHICH ONE GOES BEST WITH THE OTHERS?

2. HOW CAN YOU TELL THIS IS THE BEST ONE?

question probe

Shape

Number

D. Fish

1. WHICH ONE GOES BEST WITH THE OTHERS?

2. HOW CAN YOU TELL THIS IS THE BEST ONE?

question probe

Color

Direction

E. Fish and Birds

1. WHICH ONE GOES BEST WITH THE OTHERS?

2. HOW CAN YOU TELL THIS IS THE BEST ONE?

supstion probe

Shape

Shading
11.....101

Direction
....

...111..,

F. Cats, Fish and Birds

1. WHICH ONE GOES BEST WITH THE OTHERS?

2. HOW CAN YOU TELL THIS IS THE BEST ONE?
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TESTING, F, Continued

Shape

Shading

question probe

Direction

G. Birds and Dogs

1. WHICH ONE GOES BEST WITH THE OTHERS?

2. HOW CAN YOU TELL THIS IS THE BEST ONE?

question
Shape

Shading .!,
Direction

H. Daisies and Tulips

1. WHICH ONE GOES BEST WITH THE OTHERS?

2. HOW CAN YOU TELL THIS IS THE BEST ONE?

question probe

Shape

Color

Size

CONSERVATION OF WEIGHT

Materials: 4 balls of red play dough in varying sizes. The smallest CO

has 6 weights, next (2) has 4 wts., next (3) has 2 wts., and

the largest (4) has no wts. One ball of blue p]aydough

matching the largest red ball in size and weight.

PRACTICE SECTION
(Interviewer places blue ball in front of S and the four red balls

in front of himself, putting 3, 2, 4, 1 going from left to right.)

I'LL PUT THIS BALL IN FRONT OF YOU AND THESE BALLS IN FRONT OF

ME. ONE OF THESE BALLS IS JUST AS HEAVY AS YOURS. CAN YOU

FIND OUT WHICH RED BALL WEIGHS THE SAME AMOUNT AS YOUR BLUE

BALL? TAKE YOUR BALL IN ONE HAND AND TRY EACH OF THE OTHERS

IN TURN TO SEE WHICH ONE WEIGHS THE SAME.

(Circle one) Correct Incorrect

Prompting: (If incorrect the interviewer corrects, saying:)
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CONSERVATION OF WEIGHT, Continued

THAT'S A PRETTY GOOD CHOICE, BUT SEE THIS ONE IS HEAVIER (OR

LIGHTER) THAN THIS ONE IS. THIS IS THE ONE THAT WEIGHS THE

SAME AS YOUR BALL, ISN'T IT? (Interviewer must make sure that

the child agrees on this equality of the two largest balls

before he goes on to the next section.) (He then sets aside

the three remaining balls.)

TEST SECTION

A. (In full view of S, the interviewer elongates the red ball
saying:)

I'M GOING TO DO THIS TO MY CLAY. DOES MINE WEIGH AS MUCH AS

YOURS OR DOES ONE OF THEM WEIGH MORE?

1. (Circle one) Blue more Red more Same

Prompting: (If necessary, the interviewer asks:)

IS THE BLUE PLAY DOUGH HEAVIER, THE RED PLAY DOUGH HEAVIER,

OR DO THEY WEIGH THE SAME?

2. HOW CAN YOU TELL?

...00001IIVEINIMSIIMO

ma.11

B. (In full view of S, elongate the hot-dog (red) even further,

saying:)

I'M NOW GOING TO DO THIS TO MY CLAY AGAIN. DOES MINE WEIGH

AS MUCH AS YOURS OR DOES ONE OF THEM WEIGH MORE?

1. (Circle one) Blue more Red more Same

Prompting: (If necessary, the interviewer asks:)

IS THE BLUE CLAY HEAVIER, THE RED CLAY HEAVIER, OR DO THEY

WEIGH THE SAME?

2. HOW CAN YQU TELL?

C. (Break the blue ball into three pieces and ask about

equivalence of these pices with the hot dog.)

DO THESE PIECES (gesture broadly to indicate the three blue

pieces) ALTOGETHER WEIGH MORE LESS OR THE SAME AS THAT PIECE?

(point to hot-dog)

1. (Circle one) Blue more Red more Same

Prompting: (If necessary, the interviewer asks:)

ARE THEY HEAVIER, LIGHTER, OR DO THEY WEIGH THE SAME?

2. HOW CAN YOU TELL?
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Coding System for Analyzing SCIS Lessons

DESCRIPTION OF CODING SYSTEM

The coding system described in the following pages involves break-

ing up the stream of dialogue into units which are then further analyzed.

The data to be coded are in the form of transcripts (typed) of tape

recordings of teaching sessions. Analysis is made by listening to the

tapes while reading the transcripts, and supplementing these activities

with typed observations of non-verbal behavior of the teacher and

students.

The unit of analysis chosen to divide up the data is the pedagogi-

cal move described by Bellack (1966). As developed by Bellack there are

four kinds of moves that teachers and students may make. Two of them

(Soliciting and Structuring) are initiatory and two (Responding and

Preacting) are reflexive.

A soliciting move is intended to elicit a response from the

person(s) addressed. "Soliciting moves are clearly directive in intent

and function. . . . Although these moves may take all grammatical

forms . . . the interrogative occurs most frequently" (Bellack, 1966,

p. 18).

"Structuring moves serve the function of setting the context for

subsequent behavior." They do not directly elicit a response nor are

themselves responses "and are not called out by anything in the immedi-

ate classroom situation except the speaker's concept of what should be

said or taught" (Bellack, 1966, p. 17-16).

Responding moves occur only in relation to soliciting moves, and

may be an active verbal response, a cognitive response (e.g., focusing

attention), or a physical response. Since responding moves occur only

in relation to soliciting moves, they are coded only when so elicited.

Reacting moves "are occasioned by a structuring, soliciting, re-

sponding, or prior reacting move, but are not directly elicited by them"

(Bellack, 1966, p. 18). These moves modify and/or rate the moves that

occasioned them.

The coder should read pages 4 and 16 through 19 of the Language of

the Classroom, as well as examine sections 1 and 2 of the General Coding

Instructions (included in this booklet) before trying to use the system.

After having identified a move, the coder then performs the

analyses summarized in lines 3 through 9 of the format. The General

Coding Instructions which have been adapted from Bellack's system pro-

vide detailed instructions for carrying out the analysis and for using

the category systems mentioned in lines 3, 4, 5, 6, 7. In addition

there is an introduction and explanation of each separate category

system included in the booklet.
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Format of Coding Unit

1. Person speaking: Teacher, Pupil.

2. Pedagogical Move: Solicitation, Response, Structuring, Reaction.

3. SCIS content: Objects, Properties, Materials, Change, Variation in
Properties, Science Procedures, and No substantive content.

A. Cognitive actions: Class Relations, Conservation, Seriation,
Ordination, and Transitivity.

5. Medium of Expected Response: Manipulative.

6. Explanation:

7. Number of half-lines in parts three and four.

8. Number of half-lines remaining in move.

1 2 3 4 5 6 7& 8
Speaker / Move / SCIS / Cognitive / Medium / Explanation / Number of

lines.

Example: Coding
T: Order your sticks by how long they are. 1 2 3 4 5 7

T/SOL/VL/S/Man/2

SCIS CONCEPTS

The concepts and information which the teacher and students discuss
in the classroom are coded in the group of categories entitled SCIS
content. These 7ategories comprise a content analysis of the SCIS
manual Material Objects which the teachers used as a lesson guide. The

categories summarize only the information aspects of the manual. They

have been organized into five major concept classes, each ranging from

specific to general. A sixth category includes references to scien-

tific procedures and instruments mentioned in the manual.

The task of the coder is to decide, for each move, the concept

class which provides the context, and then for the variation concept

the particular way in which the concept is mentioned in the move (which

of the categories within each major concept classes is relevant). More

detailed instructions for coding can be found in section 3 of the

General Coding Instructions.

I. CONCEPT OF OBJECT (0)
In this grouping are listed moves that have to do with the notion of

object as it is used in the teacher's manual. "Object" is the

scientific term used to refer to a piece of matter. Thus,
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I. CONCEPT OF OBJECT, Continued

abstractions are not considered objects, and neither are states of

minds or emotions. The word "thing" is often used to refer to both

objects and non-objects.

II. CONCEPT OF PROPERTY (P)

The moves to be grouped here focus on contexts referring to

properties. A property is considered to be an objective character-

istic of an object. It is different "from the influence or effect

the objects have on one another, from the patterns in which they

may be arranged, and from the emotions they arouse" (SCIS Manual,

p. 3). Such object characteristics as shape, texture, weight, flota-

bility, and whether it bounces, are examples of properties of

objects.

III. CONCEPT OF MATERIAL (M)

The moves grouped here focus on contexts involving the material com-

position of an object. "The material of an object is what it is

made of . . the concept of material involves a degree of abstrac-

tion from the observations of the actual specimens; it incorporates

certain properties (such as density and hardness), while other

properties (such as size and shape) are irrelevant" (SCIS Manual,

p. 19).

IV. CONCEPT OF CHANGE (C)

In this grouping are categories that involve transformations of

objects, changes in the form and appearance of objects, as well as

the notion of change as a series of events over times with a speci-

fied relationship between the initial phase observed and the final

phase observed. All moves whose context is change in the state of

an object or matter belong here.

V. CONCEPT OF VARIATION IN PROPERTIES (V)

These categories deal with the notion that properties exhibit quan-

titative variation. The concept is presented in the manual by the

device of comparing objects with respect to quantifiable properties.

A. Ordered Variation V

Code here moves that focus on the idea of variation along a

continuum, or to the notion of ordered arrangement of such

variation. A discussion about what is meant by serial ordering

would provide context that would be coded here. Similarly

references to what is meant by measurement would be coded here.

Example:
Coding

T: We made some steps and

what do you call them?
T/SOL/V/C/2

P: But it's not by size so it

can't be a serial ordering.
P/REA/V/C/2

T: A serial ordering is when you put

things from smallest to greatest. T/STR/V/S/3
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V. B. Serial Orderings of Objects VV
Code here moves that focus on particular serial orderings, what

was done by the person making the ordering, and on the particu-

lar properties serialized. Add to the V consonant identifying

the property used to make the serial ordering or being discussed

as governing an ordering when possible. Select from the follow-

ing the appropriate underlined consonant: Length, Height (Ht),

Width, Shape, Color Brightness, Size (Z), Form, Weight (0,

Texture, Bounciness, Non-property, Hardness (dr), and Other.

Example: Coding

T: What property did you use
to order your sticks?

P: Color.

T: Order your corks from
big to little.

P: First I put the fattest
and then the next fattest
and then the next all the
way down to the skinniest.

T/SOL/VV/C/2

P/RES/VC/C/1

T/SOL/V7. /S/Man/2

P /RES /VF /S /Xpl /4

C. Quantifying a Property in Two or More Objects VVV

Code here moves that focus on the variation of a single property

in two or more objects, with the properties being described or

compared as more, less, or equal in value, or otherwise quanti-

fied. When possible, select from the list in B the consonant

indicating the property being quantified and substitute it for

the final V in the symbol pattern.

Example: Coding

T: See which bounces more. T/SOL/VVB/S/Man/1

P: This is heavier than that. P/RES/VVG/S/1

P: These are the same height. P/RES/VVHT/S/1

D. Failunttoquillatg, VVVV
Code here when there is a non-quantitative comparison of

properties in objects. The property is merely recognized as

present or absent in one or both objects when there has been

clearly established a context of making quantified comparisons.

Example: Coding

T: Which is more bouncy? T/SOL/VVB/S/1

P: This bounces and that doesn't. P/RES/VVVB/S/1

VI. SCIENCE PROCEDURES (SP)

Code in this category when the focus of the move is use of a scien-

tific instrument, the interpretation of such an instrument, it's

purposes. Using magnifiers, inequality signs, equality signs, metal
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VI., Continued
files, air pumps, aerosol cans, medicine droppers, sand papers,

and mortar and pestle. (Do not code cognitive acts for this

category.)
Example:

Coding

T: What does this mean this way? T/SOL/SP/--/1

P: More than. P/RES/SP/--/1

COGNITIVE ACTS INVOLVED IN OPERATIONAL STRUCTURE

The following categories are to be used to code cognitive acts

related to the acquisition of operational structure in conservation,

seriation, class relations, ordination, and transitivity problems and

situations. The category headings have been devised from Piaget's

writings and are assumed to name classes of cognitive actions, be they

overt behaviors or covert actions.

For each move, the task of the coder is to determine the context

of the cognitive act (conservation, seriation, class relations, ordina-

tion or transitivity problem).

More detailed instructions for using the following group of cate-

gories are to be found in Section 4 of the General Coding Instructions.

I. CLASS RELATIONS
Situations dealing with class relations involve the member-

ships of an element (e.g., an object or idea) in a class or a

collection or the relation of one class to another as represented

by the inclusions of one class within another. Membership in a

class involves properties common to members of the class and to

those of other classes to which the element belongs as well as the

specific properties that differentiate class members from members

of other classes. Achievement of operational structure for class

inclusion relations involves the quantification of the relation

between a sub-class and a sub-suming class; that is, the under-

standing that all of a sub-class is necessarily only some of a

larger class.

Categorize a move as involving class relations if its focus

is on the membership of an element in a class, the forming of

elements into classes or groups by their properties, or on the

relation between classes of elements.

Example:
Coding

T: Now are these two alike? T/SOL/P/C/1

P: I put all the red together. P/RES/P/C/1

T: What properties does this

object have?
T/SOL/P/C/1
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II. CONSERVATION
Conservation deals with the notion that the identity of a

substance or the quantity of a set or volume remains unchanged
irrespective of certain modifications in the relationship among
the elements or irrespective of certain changes in the appearance
of the substance. Psychologically it is "the cognir.on that
certain properties (quantity, number, length, etc.) remain invari-
ant (are conserved) in the face of certain transformations (dis-

placing objects or object parts in space, sectioning an object
into pieces, changing its shape, etc.)" (Flavell, 1963, p. 245).
For example, a set of ten blocks contains ten blocks whether the
blocks are arranged in a line or formed into a circle. Certain

properties are not relevant (in this example shape) in evaluating
the numerical value of a set of objects.

Categorize a move in this group of categories when the context
of the discussion is focused on changing or transforming elements
or on the relationship between earlier forms or states and later
modified forms or states.

Example; Coding

P: This dust was rubbed off from
this piece of wood but it's
still the same wood. P /RES /C /Q /Xpl /5

III. SERIATION
The operational construction of a series involves the coordi-

nation of relations such that each element is both greater than
all those preceding it and less than those following it. Percep-

tual relations between big and small elements or the relationships
bigger and smaller are relevant to achieving seriation, but these
do not involve the simultaneous coordination of bigger than and
smaller than relations among three or more elements.

Moves which focus on the ordering of elements by properties
that vary on comparative relationships between the properties of

objects, and on discriminating relationships within a serial
ordering should be coded here.

Example: Coding

T: Which is the biggest in
your ordering? T/SOL/VZ/S/2

P: I made steps out of my
sticks. P/RES/Vlit/S/1

IV. ORDINATION
Ordination tasks involve findings the position of an element

in a series and understanding that the position is correlated with

a cardinal value, and not merely the situation of the element in a

qualitative scale. Achieving ordination requires the counting of
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IV. ORDINATION, Continued

elements as equivalent units, and considering the element whose

position is to be determined as a unit comparable to other units.

Categorize as dealing with ordination those moves whose

context is a coordination of cardinal and ordinal values.

Example:
Coding

P: This is the first one,

this is the second, and

the third, and all the

way down to the sixth.
P/REA/VL/O/4

V. TRANSITIVITY
Transitivity refers to the coordination of two relations

between three elements in such a way that a conclusion can be reached

about the relation between two of the elements although they are

not directly compared. In other words, given a relation between

x and y, and y and z, a conclusion can be reached about the relation

between x and z.

Categorize as involving transitivity moves which focus on

reaching a conclusion about the relation between two elements from

information about the relation of each element to a third.

Example:
Coding

P: I put my finger here, and

this one came up to here on it,

and the other up to here,

so this is longer.

REFERENCE MEDIUM

P/RES/VVL/T/41/4

This category presents one way in which the teacher may structure

the student's interactions with the environment and the lesson material.

The categories refer to the mode of interaction which the teacher,

either explicitly or implicitly specifies responses to solicitations to

be tiade.

The task of the coder is to determine for each move with either an

SCIS or cognitive act analyzed (SOL's only), the medium specified for

the expected response. Of course there may very well be SOL's which do

not specify a medium in which case the categorization cannot be made.

Manipulation of Materials Man

Code here SOL's which are intended to elicit actual physical manipu-

lation of materials and objects, such as actually grouping objects,

placing signs, circling objects, pasting things, rubbing or otherwise

'acting on objects, and demonstrating use of materials and tools.

CIA i1.
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Manipulation of Materials, Continued

Example:
T: Sand your wood down until you get

some fine dust.

Explanation

This part of the coding is designed to collect all moves which

either are explanations, or in the case of solicitations, request

explanatory responses.

Mark with the symbol Xpl all moves which are explanations or

request them. Requests for reasons, statements giving reasons, sub-

stantiation of answers and requests about procedures are typical of

moves that would be categorized as involving explanations. Explana-

tions will generally involve a child's constructing a response and

not merely affirming a teacher's remark or choosing between alternative

possibilities.
Examples:

How did you know?

It's larger because there's more.

What, is your evidence?

How did you order your objects?

Why did you put it there?

How does it look like brass?

I put them in order from smallest to biggest.

GENERAL CODING INSTRUCTIONS

1. CODING

1.1 Coding is from the viewpoint of the coder with pedagogical

meaning inferred from the speaker's verbal behavior as supplemented by

the commentary of non-verbal behavior made by the observer present

during the taping sessions. The coder should listen to the tapes as

the analysis is made, using the playback of the observer's commentary

to synchronize the dialogue and observer transcripts. The playback of

the teacher-student dialogue is essential for identifying the moves,

voice expressions often being the clue to the kind of pedagogical move

being made.

1.2 Grammatical form may give a clue, but is not decisive in coding.

For example, SOL may be found in declarative, interrogative, or impera-

tive form. Likewise, RES may be in the form of a question--frequently

indicating tentativeness,on the part of the speaker.

1.3 One move ends and a new move begins with the end of the utter-

ance, indicated by either a change in speaker or a pause in the tape,

or a change in the function and direction of the discourse.
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GENERAL CODING INSTRUCTIONS, Continued

1.4 Partially missed statements are coded only if there is enough

information to code the pedagogical move and either the SCIS or cogni-

tive aspects Those moves immediately following a move coded T/NOC or

P/NOC are coded as usual, if the context is clear and unambiguous. If

alternative codings are clearly possible, code NOC for these moves also.

1.5 A four and a half inch segment of transcript in elite type

comprises two half-lines of discourse.

1.6 All complete utterances of less than four and one-half inches

are counted one half-line while an utterance of a whole four and one-

half inch line is counted as two half-lines. The numerals used to give

the line count in the coding are understood to refer to half-lines.

1.7 In utterances longer than one line, if the partial line segment

comprises half a half-line, it should be counted as one half-line; other-

wise it should be dropped.

1.8 In utterances that comprise more than one pedagogical move,

partial line segments are combined in determining the line count.

Example: Coding

T: Yes that's right. Can you T/REA-A/P/-/I

name another property? T/SOL/P/C/1

1.9 In utterances that contain more than one pedagogical move, each

pedagogical move is counted as at least one half-line.

1.10 Utterances which do not contain either an SCIS content or

relevant cognitive act will not be coded except for identifying the

pedagogical move involved. When such contents are only mentioned as

part of some housekeeping routine or task, but there is no substantive

reference to them, the utterance will not be coded either except for

identifying the move.

1.11 The line count should be given for all identified moves,

including those mentioned in 1.10. The number indicating the line count

for moves with no SCIS or cognitive aspects should be circled. Also, if

a move contains discourse which is not SCIS or cognitive, the line count

for this should be made and the circled numeral placed adjacent to the

line count for the rest of the move.

Example: Coding

T: Co ahead. Circle the pieces of T/SOL/M/C/Man/lA2)

wood. Don't worry about what

someone else does. You worry about

what you're doing. This is your

paper. This is your work. Whatever

you think is right.

T: When you win one just put yours T/S0L/NCC/6)

in one pile and hers in another.

200



Appendix B, Continued

GENERAL CODING INSTRUCTIONS, Continued

1.12 Underline the letter indicating speaker when a group is speak-

ing in unison. This is indicated on the transcript also by underlining

the initial indicating speaker.

2. PEDAGOGICAL MOVES

2.1 The postscript -INT is added to the coding of a pedagogical

move when the speaker resumes the same move after it has been inter-

rupted or nediated by one or more intervening pedagogical moves. If the

interlarded move is ambiguous (e.g., mm, er, ah), code it T/NOC or P/NOC.

An interrupted move is coded on the final segment of the move and

counted as a single move.

Example: Coding

T: Put them in order.
P: Mrs. Johnson.
T: Just a minute. From the

shortest to the longest.

T/SOL-INT
P/SOL/NCC/
T/SOL/NCC
T/SOL/VL/S/Man/1

2.2 When coding do not be misled by the linguistic habits of the

speaker which have no function within the frame of reference of the

units coded here.

Example:

T: O.K., hand in your papers.

Coding

T/SOL/NCCAD

This remark is coded solicitation even though the "O.K." occurring

within it might be considered a reaction. In this case it happens to

be a habit of the teacher who typically precedes a statement with "O.K."

2.3 Do not code speech by persons who are not students or teachers.

2.4 A SOL begins with the first manifestly eductive statement and

ends with:
a. The end of the utterance signalled by a change in speaker

or a pause in the tape.

b. The beginning of a STR, RES, or REA.

c. With the occurrence of a physical response as indicated

by the non-verbal commentary or the occurrence of an REA-P.

d. The beginning of another SOL involving a different context,

different requests, or an explicit change in medium.

Example:

T: Gail, go around the other way sweetie,

and then come back again. Brian your

plastic bag is on the floor again

today. Regis, all of the boys and

girls who sit in Mike's row and all

of the boys and girls who sit in

Tommy's row.
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GENERAL CODING INSTRUCTIONS, Continued

Example: Coding

T: Would you do something else? Use
your magnifier to look at the piece
of balsa wood, that you have been
working with. How does it look where T/SOL/SP/--/5

you have been rubbing it against the

sandpaper. T/SOL/C/Q/3

2.5 Solicitations whose only function is to give someone permission

to speak should be coded with the postscript -A and only the SCIS

context (where there is one).

Example: Coding

T: Mike? T/SOL-A/M/---/1

Acknowledging solicitations are not coded separately when they occur in

connection with another solicitation. The only type of response (RES)

that can follow this kind of SOL is a RES-M or RES-R, but any other kind

of pedagogical move may occur.

2.6 Tentative and optional assignments, as well as prescribed ones,
---

are coded as SOL's.

2.7 When checking statements (e.g., "follow me?" "Get it?")

occur within a STR or a REA, SOL is not coded unless there is a pause or

verbal cue indicating a RES is expected. Such statements when they

occur within a larger move do not appear as part of the code for the

larger move.

2.8 Implicit in any SOL is the concept of knowing or not knowing.

Therefore, code RES for any one of the range of possible responses

(including invalid ones), and also for any reply referring to knowing

or not knowing (e.g., "I don't know").

2.9 Occasionally a teacher or student responds to a SOL with a

question. Coding in these instances is in terms of context and intent.

For example, students frequently respond with a question to indicate the

tentativeness of their responses. These are coded RES. If, however,

the responding questions is a genuine solicitation (i.e., expects a RES),

it is coded SOL.

2.10 Responses are normally coded as having been elicited by the

immediately preceding pedagogical move. When the solicitation which

elicits the response occurs earlier in the discourse, the postscript -M

along with a numeral indicating the position of the soliciting move, is

added. The number is determined by counting back to the last explicit

expression of the solicitation.
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Example:

T: What did we decide about this object?

Does it contain one material or

more than one material? Alice?

P: One material.
T: One material. Mike? T/REA-RtM/C/1;

P: One material.

Coding

T/SOL/M/C/4
P/REStM/C/1
T/SOL-A/M/-/1
P/RES444/C/1

2.11 A speaker cannot respond to his own solicitation. (1) If the

speaker answers his own question immediately after asking it, the ques-

tion is taken to be rhetorical and a stylistic device rather than a true

SOL. (2) If a speaker answers his own question after an intervening

incorrect answer, the correct answer to the solicitation is coded as a

reaction to the incorrect answer, since the purpose of the question was

not to elicit a response from the questioner. (3) If a speaker answers

his own question after a pause, the answer is coded as a reaction, indi-

cating that the speaker is primarily reacting to the absence of an

expected response. An asterisk is indicated as part of the coding of

the REA (REA-*) when this occurs.

2.12 The postscript -R is added to the coding of responses (RES)

that are repetitions of an earlier response by the same speaker.

2.13 The postscript -P is added to the coding of reactions when the

reactions are occasioned by a physical action rather than a verbal one.

Example:
Coding

1': Does anybody else think that tin is T /SOL/M /C /2

one material? I see Mike does. T/REA-P/M/C/1

2.14 The postscript -R is added to the coding of reactions when

the reaction repeats the occasioning move.

Example:
Coding

T: Mike?
P: One material.

T: One material. Who else...

T/SOL-A/M/-/1
P/RES-M4/M/C/1
T/REA-R/M/C/1

2.15 One word reactions that reflect acknowledgment of a remark and

refer to substantive material but are not in themselves substantive

should be coded as REA-A parallel to acknowledging solicitations.

Example:
Coding

P: This is limestone.

T: Right.

P/RES/M/C/1
T/REA-A/M/---/1

2.16 A reaction begins at the beginning of an utterance or follow-

ing a nonverbal response or the absence of an expected move. A REA is

still in progress when the speaker:
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a. Evaluates or ottwewise discusses a previous move.

b. Rephrases a previous move or makes reference to it.

c. Expands a previous move by stating its implications,

interpreting it, or drawing conclusions from the

same point or sub-point.

A REA ends when any of the following occurs:

a. The utterance ends.
b. A SOL begins.
c. The speaker indicates the end of the REA by some verbal

convention, such as "All right, now let's turn to ...."

d. A distinct (not parenthetic) shift occurs to another

context not heretofore mentioned or not under immediate

discussion.

Note that although such phrases as "all right" are typical of. REA's,

sometimes they also serve to move on to another topic, rather than

serving as a comment on previous material.

Example: Coding

T: All right now, let's talk
about these properties. T/STR/P/- -/2

2.17 When a REA to a verbal move is followed by a summary reaction

(REA), both reactions are coded separately even when they occur within

the same utterance.

2.18 A brief or passing reference to what has gone before does not

constitute a summary reaction (REA). REA is coded for a genuine summary

or review and/or reaction to more than one move.

2.19 A reaction to a solicitation occurs only when the reaction is

about the solicitation and not a response to the solicitation.

2.20 REA frequently occurs when a teacher concludes one part of a

discussion and moves to something else. In such instances it is neces-

sary for the coder to determine when the summary (if any) or reacting

part of the utterance ends and the focusing on new material begins (STR)

and to code appropriately. In general the coding should be in terms of

the moves that carry the discourse ahead the furthest. Often the clue

to a STR move is the introduction of new material even though it may be

related to what has gone on before. In the following example, the chil-

dren had been trying to decide whether or not a rubber band they had cut

apart was composed of one or two materials when the teacher made the

following remarks:

Example:
Coding

1': Do you think that maybe the rubber

band has a different property inside

than it does outside because Regis has

been playing with it-- there's been

dirt on his fingers? I wonder if I
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2.20 took a brand new rubber band and
Coding

this is around something we put on

the tray. I wonder if we cut this

one if we would see any difference

in color. You cut. T/STR/P/C/12
T/SOL/P/---/Man/1

The teacher here, although referring to previous discussion, is intro-

ducing a new idea and actually trying to move the discussion onward

since the children had become stalled on one point. Noticing the flow

and context of episodes between teacher and students will help the coder

distinguish true structuring moves from moves which merely assume the

form of a structuring move by being phrased indirectly.

Example:

P: Now do you spell Aegean, A e or A g?

T: Why?
P: I just want to know.
T: Well, let's take a look at the map. See.

Well it's not here.

In this interchange the teacher's comment "Well let's ..." although of

the form of many structuring moves, in this case serves the function of

a solicitation. Since the context had been established by the child's

question and the teacher was merely continuing along with the child's

context and not re-directing the discussion or providing a new context,

his comment is not a structuring move. If the teacher had said, "Well

you could look in the dictionary, or at maps, or globes and then see,"

the comment would qualify as a structuring move.

The tapes often clarify doubts about whether or not a move serves

a structuring function by the tempo and pace of the discourse.

Structuring moves set the context so that later solicitations have

meaning with the actual response, perhaps even implied by the structur-

ing move, being directly elicited by these later SOL's.

Compare the following examples:

T: I'll leave the buttons here so that way they won't get

lost. When you win one just put yours in one pile and

hers in another.

T: I'll be calling some names. If I call yours please

come up with your folder.

In the first case the first sentence is coded STR and the last sentence

as SOL because the last sentence suffices to elicit the response with no

further teacher soliciting. In the second case the teacher must call

the student's name in order for the response to occur, and so the whole

utterance is coded STR even though a response is implied by the utter-

ance. Note that structuring moves are not necessarily extended verbal

statements. What is essential is that structuring moves serve as an
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introduction to the forthcoming activity and serve to move the discus-

sion forward. (Note however that moves that serve to focus attention

are specifically coded as SOL's.) The following is a short structuring

move.
T: The reasons I had you sing the song today about the

thermometer was because we're going to use something

that is very cold.

2.21 Utterances that seem to be self-addressed and comprise a kind

of reverie or verbal accompaniment to behavior should be coded as are

other utterances, but the coding should be underlined.

Example:
Coding

T: All right now, put your name at the

bottom in crayon. I'll let you do

it in crayon today. T/SOL/NCCA5)

P: Red and green and brown. P/REA/P/C/1

T: All right, pass that down to

Madeline please. T/SOL/NCCAD

3. SCIS CONTENT

31 Code each move in terms of the context of the discussion even

thoughr the concept being discussed may not be explicitly mentioned in the

the move. Of course there may be shifts in the context from one concept

class to another, but these shifts should be explicit.

3.2 If the primary focus of the move cannot be determined use the

following list to resolve conflicts, the first listed having highest

priority: Variation, Change, Material, Property, Objects, and Science

Procedures.

3.3 Within the Material concept if discussion centers on the

number of mgterials in an object, add a raised 0 symbol to the coding,

and if a specific number of materials is mentioned, indicate by adding

the appropriate raised symbol to the coding.

Example:
Coding

T: Is it made of one material

or more than one? T/SOL/d/C/2

P: It's made of metal and wood P/RES/M2/C/1

3.4 When coding in the Variation in Properties concept, code by

adding the appropriate letter to the coding pattern. (See description

of this in the explanation of this category.)

3.5 When other school subjects comprise the primary context of the

move code NCC as when procedural and housekeeping matters are the focus.

3.6 When SCIS concepts are applied to non-SCIS materials or to

items not mentioned in the manual, code the appropriate SCIS category

and circle the code.
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3.6 Example:

P: Mrs. J, my bracelet is

made of two materials.

Coding

P/REA49C/1

4. COGNITIVE ACTS INVOLVED IN OPERATIONAL STRUCTURE

4.1 Coding of the cognitive acts is in terms of the main context

of the discussion, even *hough this may not be explicit in every move.

There may be shifts from acts of one area (i.e., conservation to class

relations) to another, but such shifts should be explicit.

4.2 If the primary focus of a move cannot be determined, use the

following list to resolve conflicts, the first listed having highest

priority: Transitivity, Ordination, Seriation, Conservation, Class

Relations. Not every move, however, can be categorized for cognitive

content.

4.3 If a particular cognitive act falls into a particular class

of acts, but the class misrepresents the actual context of the move,

circle the coding.

Example:
Coding

T: How many objects are on

the tray?

5. REFERENCE MEDIUM

T/SOL/0/01

5.1 The medium is coded for the expected response elicited by a

solicitation, when the response is to be manipulatory.

5.2 Code the central focus of the SCIS and cognitive content of

a move. Example:
Coding

T: Now look at your paper. Make

sure you put your name on the

bottom. Take your green crayon

and circle the pieces of wood. T/SOL/M/C/Man/242

6. EXPLANATIONS

6.1 Code every move that is an explanation and every solicitation

that requests an explanatory response as Xpl.
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Appendix C

Supplementary Tables

Table 56

.01/101.

Number of Second Grade Children in Six Instructional Programs

Clearly Operational in Post-Test Tasks,a Grouped According

to Program and Program Combined and by Sex, I.Q.,b . .SESc
and Conservation Statusd in Kindergarten and First Grade

Conservation

Number Operational

1,..111.

Class
of Inclu-

Serial Ordering_
Transi-

Total No.
ofSeria- Ordina- Reorder-

Group No. Wt. sion tion tion ink; tivity Children

Programs Initiated in Kindergarten

AAAS (GCMP)

All
Children 65 38 8 22 33 6 37 93

Sex

Males 33 22 3 13 20 3 18 50

Females 32 17 5 9 13 3 19 44

Peabody Picture Vocabulary Test

I.Q. 110+ 34 21 7 14 15 3 17 42

90-109 26 15 1 8 16 2 16 35

89 & below 5 2 0 0 2 1 4 16

Socioeconomic Status

80+ 49 29 7 20 28 6 31 65

40-79 9 5 1 0 4 0 1 16

39 & below 3 2 0 1 0 0 2 3

Conservation Status in Kindergarten

Pattern 1 1& 11 0' 3 5 0 10 32

2 28 15 5 8 14 3 18 34

3 8 3 2 4 6 1 4 10

4 7 6 1 4 3 2 4 7

Conservation Status in First Grade

Pattern 1 1 0 0 0 1 0 0 4

2 11 7 2 3 4 0 7 21

3 10 5 1 2 5 0 4 15

4 38 23 5 15 22 6 23 44
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Appendix C, Continued

Table 56, Continued

1.1....".1*in

Group

Number Operational

Conservation Class Serial Ordering Total No.

of Inclu- Serla- Ordina- Reorder- Transi- of

No. Wt: sion tion tion ing tivity Childrene

Programs Initiated in Kindergarten

SCIS (GCMP)

All
Children 54 32 10 28 29 10 10 79

Sex

Males 29 14 8 16 16 6 7 43

Females 25 18 2 12 13 4 3 36

Peabody Picture Vocabulary Test

I.Q. 110+ 23 16 6 14 9 7 6 29

90-109 22 12 4 12 16 3 4 33

89 & below 9 4 0 2 4 0 0 17

Socioeconomic Status

80+ 29 20 8 20 14 7 6 39

40-79 10 4 1 4 6 0 4 20

39 & below 5 2 0 0 3 0 0 9

Conservation Status in Kindergarten

Pattern 1 17 7 0 5 10 2 3 33

2 14 8 5 8 9 2 5 20

3 10 8 2 4 6 3 0 10

4 4 4 1 4 0 1 1 6

Conservation Status in First Grade

Pattern 1 3 0 1 5 0 0 0 9

2 7 2 0 1 5 0 1 14

3 7 5 1 3 4 1 0 10

4 29 20 7 16 13 9 8 34

209



Appendix C, Continued

Group

Table 56, Continued

Number Operational

Conservation Class Serial Ordering Total No.

of Inclu- Seria- Ordina- Reorder- Transi- of.

No. Wt. siren tion tion ing tivity Childrene.MrM..I'.
Programs Initiated in Kindergarten

All
Children 67

Males 32

Females 35

I.Q. 110+ 30

90-109 34

89 & below 3

80+ 55

40-79 7

39 & below 1

Pattern 1 23

2 26

3 5

4 7

Pattern 1 5

2 6

3 16

4 29

GCMP Only

46 14 41 60 1.8 23

Sex

21 7 17 32 7 13

25 7 24 28 11 9

Peabody Picture Vocabulary Test

25 10 16 28 8 12

21 4 24 30 9 11

0 0 1 2 1 0

Socioeconomic Status

37 13 35 45 16 17

7 O. 5 10 1 4

1 0 0 2 0 0

Conservation Status in Kindergarten

12 3 9 15 4 7

18 6 19 29 7 1.2

5 2 3 6 3 1

5 2 7 6 1 1

Conservation Status in First Grade

2 1 2 5 1

2 1 5 11 2

15 3 10 13 5

19 7 18 20 6
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Group

Appendix C, Continued

Table 56, Continued

Number Operational

Conservation Class Serial Otderingi Total No.

of Inclu- Seria Ordina- Reorder- Transi- of

No. Wt. sion tion tion ing tivity Childrene

Programs Initiated in Kindergarten

No Prescribed Lessons

*ammo.

All
Children 91 53 6 51 66 8 50 136

Sex

Males 41 31 3 21 35 3 25 63

Females 50 22 3 30 31 5 25 73

Peabody Picture Vocabulary Test

I.Q. 110+ 47 33 6 32 38 7 28 63

90-109 38 19 0 17 26 1 21 60

89 & below 6 1 0 2 2 0 1 13

Socioeconomic Status

80+ 71 41 6 40 51 6 39 106

40-79 12 7 0 6 7 0 7 17

39 & below - ""

Conservation Status in Kindergarten

Pattern 1 30 16 1 15 22 1 16 57

2- 39 19 3 26 29 5 20 46

3 8 6 2 3 4 2 6 11

4 3 2 0 0 3 0 1 5

Conservation Status in First Grade

Pattern 1 4 4 0 1 2 0 2 19

2 12 4 0 8 4 0 4 19

3 14 8 0 5 12 0 5 18

4 52 30 5 28 37 5 29 61
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Appendix C, Continued

Table 56, Continued

Group

Number Operational

Conservation Class Serial Ordering Total No.
of Inclu- Seria- Ordina- Reorder- Transi- of

No. Wt. sion tion tion ing tivity Childrene

Programs Initiated in First Grade

SCIS (Math)

All
Children 51 31 8 26 36 14 22 113

Sex

Males 26 18 3 16 18 7 11 59
Females 25 13 5 10 18 7 11 54

Peabody Picture Vocabulary Test

1.Q. 110+ 23 17 4 14 18 7 8 45
90-109 25 13 4 12 17 6 13 58
89 & below 3 1 0 0 1 1 1 10

Socioeconomic Status

80+ 26 15 5 15 13 7 9 38
40-79 12 11 1 4 11 2 6 40
39 & below 10 2 1 3 6 1 4 16

Conservation Status in First Grade

Pattern 1 6 3 0 2 3 1 3 19
2 9 3 0 4 9 1 3 30
3 8 6 0 4 6 3 6 21
4 20 10 6 11 9 6 7 25

212



Appendix Co Continued

Table 56, Continued

Group

141.1,....,.....w
Number Operational

Conservation Class Serial Ordering Total No.

of Inclu- Seria- Ordina- Reorder- Transi- of

No. Wt. sion tion tion ing tivity Childrene

Programs Initiated in First Grade

Math Only

All
Children 38 21 4 21 29 6 19 85

Sex

Males 17 11 1 10 12 3 9 43

Females 21 10 3 11 17 3 10 42

Peabody Picture Vocabulary Test

I.Q. 110+ 24 16 3 14 15 3 11 34

90-109 12 5 1 5 12 3 6 36

89 & below 2 0 0 2 2 0 2 15

Socioeconomic Status

80+ 20 13 3 13 14 3 10 30

40-79 14 7 1 6 10 1 4 33

39 & below 4 1 0 2 4 1 4 14

Conservation Status in First Grade

Pattern 1 5 1 0 1 2 0 2 16

2 3 2 0 2 5 0 3 22

3 9 4 0 5 8 1 3 15

4 14 9 3 9 8 4 9 20
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Appendix C, Continued

Table 56, Continued

Group

Number Operational

Conservation Class Serial Ordering Total No.

of Inclu- Seria- Ordina- Reorder- Transi- of

No. Wt. sion tion tion ing tivity Children
e

Combined Programs Initiated in Kindergarten

AAAS (GCMP) + SCIS (GCMP) + GCMP Only

All
Children 186 116 32 91 122 34 70 294

Sex

Males 94 57 18 46 68 16 38 160

Females 92 60 14 45 54 18 31 135

Peabody Picture Vocabulary Test

I.Q. 110+ 87 62 23 44 52 18 35 118

90-109 82 48 9 44 62 14 31 135

89 & below 17 6 0 3 8 2 4 41

Socioeconomic Status

80+ 133 86 28 75 87 29 54 189

40-79 26 16 2 9 20 1 9 59

39 & below 9 5 0 1 5 0 2 16

Conservation Status in Kindergarten

Pattern 1 56CI', 30 3 17 30 6 20 113

2 68 41 16 35 52 12 35 102

3 23 16 6 11 18 7 5 30

4 18 15 4 15 9 4 6 21

Conservation Status in First Grade

Pattern 1 9 2 2 7 6 1 2 29

2 24 11 3 9 20 2 12 57

3 33 25 5 15 22 6 7 51

4 96 62 19 49 55 21 40 121
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Appendix Continued

Table 56, Continued

Group

Number Operational

Conservation
of

No. Wt.

Class Serial Ordering
Transi-
tivity

Inclu- Seria- Ordina- Reorder-
sion tion tion ing

Combined Programs Initiated in Kindergarten

AAAS (GCMP) + SCIS (GCMP)

All
Children 119 70 18 50 62 16 47

Sex

Males 62 36 11 29 36 9 25

Females 57 35 7 21 26 7 22

Peabody Picture Vocabulary Test

I.Q. 110+ 57 37 13 28 24 10 23

90-109 48 27 5 20 32 5 20

89 & below 14 6 0 2 6 1 4

Socioeconomic Status

80+ 78 49 15 40 42 13 37

40-79 19 9 2 4 10 0 5

39 & below 8 4 0 1 3 0 2

Conservation Statue in First Grade

Pattern 1 4 0 1 5 1 0 0

2 18 9 2 4 9 0 8

3 17 10 2 5 9 1 4

4 67 43 12 31 35 15 31

Total No.
of

Children

172

93
80

71

68
33

104
36

12

13

35

25

78

a
Based on 0-1 scoring procedures. Numbers presented indicate how

many children scored 1 in each task.

b Based on Peabody Picture Vocabulary Test, Form A.

Based on U.S. Bureau of the Census, Methodology and scores of

socioeconomic status, Working Paper No. 15, Washington, D.C., 1963.

d Pattern 1: Conservation in no task

2: Conservation in task B only

3: Conservation in only task B and task A

4: Conservation in tasks B, A, and C

e Total, including those not operational who attempted each of the

seven kinds of tasks.
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