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INTRODUCTION

The specific need for our undertaking this research

grew out of work done in connection with a three-year

study which was about to enter its last year of data

gathering at the time this study was begun. As part of

the larger study, entitled: "The Analysis of Children's

Compositions in Terms of Logical Criteria and Cognitive

Theory (Grades 2 -6)" (supported by the U. S. Office of

Education, Contract No. 0E-6-10-291), we worked with

thirty elementary school children in situations in which

they were to perform certain kinds of language tasks in

writing and orally. These children, whom we would follow

for three consecutive years, were members of a classroom

whose teacher was using the Nebraska English Program,

which was developed as part of Project English by the

Nebraska Curriculum Development Center.

Under the larger study, these children were given

writing assignments in four different situations: one,

where they were to retell a folk tale in whatever way

they wished; another, where they were to write an

original myth; a third, where they had freedom to tell

any sort of story; and a fourth, in which they were to

write some kind of explanation of the events shown in a

filmed physics experiment. In addition, they partici-

pated six times during each school year in an oral dis-

cussion situation, in connection with which they wrote

down questions to talk about. We worked in these situa-

tions with these children during their second, third,

and fourth grades in school.

In attempting to interpret certain parts of the

data gathered from the written science experiment ex-

planations and from the discussion sessions some pro-

blems arose. In order to solve them and so make the

most of the data gathered in connection with the larger

study, we undertook this project.
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The problems+ though closely related, are of two
types:

1. Our children, as second graders, gave both in
Writing and orally several kinds of explanations for
the experiment shown them in the film. That year they
saw the Illinois Inquiry Training Film of the collapsing
varnish cen. Similarly, as third graders, they offered
a variety of explanations for the film of the heated
brass ball and ring experiment (another Illinois Inquiry
Training Film). And when they were shown the film --
from the same series -- of floating and sinking blocks
of wood in the fourth grade, even more variety appeared
in their offered explanations.

Now, with such a variety of explanations occurring
at each grade level and with no body of research on
this matter to fall back on, how are we to tell what
sorts of explanations are characteristic of children
younger than our group and what sorts are characteristic
of older children? In short, we must have information
from many more children at neighboring age and grade
levels with which to compare the group being studied
longitudinally.

2. During the second year of the larger study
certain types of behavior in the discussion sessions
were noted about which we could not tell whether they
occurred as a result of the children's natural rate of
growth, the result of their having worked under the
Mebraska Program, or the result of their regular par-
ticipation in the discussion sessions. Thus, the need
was felt to take fresh groups in order to solve this
problem.

Here are some of the things we noticed about their
behavior during their second year of participation in
the discussion sessions (their thira grade): (a) none
of the children hesitate to speak; (b) their verbal
responses often take the form of "thinking out loud"
about the matter under discussion; (c) when a child
offers a suggestion or comment, or gives his ex-
planation of the science experiment, he usually offers
it first in short form -- in the case of the experiment
explanation he says exactly what he had previously
written -- but immediately proceeds to explain himself,
without being asked to do so; and (d) when requested by
the interviewer to think how they might find out the
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answer to a giveh Otwtioh withopt looking in an

encyclopedia, the children have become less hesitant

to use their imagination openly and inventively than

they were during the first year of discussions.

The next year (when the children were in the

fourth grade) we found other things occurring during

the discussion sessions: (e) the children have come

to carry on the discussion in a fairly orderly manner

for as long as five minutes at a time without the

interference or interjections of the interviewer; (f)

their use of gestures in connection with explaining

has become much more free than in the previous years;

(g) cases of their offering to draw pictures and

diagrams to help show what they mean has become common-

place in discussions of the physical world; (h) their

critical remarks on a fellow's suggestions are commonly

framed in terms of the consequences if the suggestion

were right -- in these cases, a child's steps in

reasoning are made explicit and with some children the

use of transitive implicative series emerges clearly;

and (i) the span of time used for discussion of a given

quest on has increased from five minutes at second grade

tti forty minutes at fourth grade.

Arising out of our work with these children in the

discussion sessions is another question, the answer to

which is important from an educator's point of view.

That is: Does the children's observed lack of hesi-

tation in speaking within the small group discussion
situation carry over into a larger group situation and

without the familiar interviewer present?

3
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METHOD

Procedure. The children used in the discussion
sessions, with which our new groups are to be compared,
were taken from their regular classroom into another
room in the school building for these sessions six
times during the school year. The usual time interval
between sessions was two weeks, and the usual length
of each session was 40 minutes. The children partici-
pated in groups which were coincident with the reading
ability groups with which the teacher worked in the
classroom. There were three groups; each group con-
sisted of 8 to 11 members.

In general the groups differed from each other in
reading ability -- that is, according to norms reported
by the publishers of the readers used at the fourth
grade level here, our "high group" placed on the readers
tests at least 6 months beyond the average for their
grade level; the "middle group" from 3 months below to
5 months above the average; and the "low group" at
least 4 months below average for their actual grade
level. Differences between the groups were not so
pronounced or clear-cut in IQ scores (based on the
CTMM). The "high group" represented IQ scores ranging
from 110 to 132; the "middle group" ranging from 98 to
115; and the "low group" ranging from 87 to 110.

In connection with the discussion sessions the
children kept folders which we called Question Books
in which they entered questions they wanted to ask.
These Question Books were collected on the school day
preceding a scheduled discussion with a group. Entries
were transcribed for our records. And at the beginning
of the session Question Books were returned to their
owners.

Participants were seated around a table on which
a microphone was placed so that the ensuing discussion
would be taped, later transcribed and studied by the
interviewer.
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For the first five sessions during the year the
discussions took the following format: (1) a child
was called on to select from his written questions
one that he would like to talk about; (2) when the
child had stated his question, he was asked how he
happened to ask that question -- in order to get some
background for the child's concern with that question;
(3) the child was then asked how he might go about
finding out for himself the answer to his question --
this gives the interviewer some notion of how the
child understands his question and what he finds
relevant to its answer; finally (5) other children
in the group were asked to give their suggestions as
to the way they might find out the answer to the
same question.

In the sixth discussion session of the year,
which was held after the children had seen the Illinois
Inquiry Training Film and written out their explanations,
the interviewer began by reviewing the film. Then each
of the children were asked to explain why the experiment
shown in the film turned out the way it did.

It should be noted at this point that in none of

the sessions did the interviewer answer the child's
question for him. Neither did she correct the child's
answers. The main purpose of the discussion is to
give the child opportunity to express his own ideas
so that others may understand them.

For the sessions with the new groups of children
used to supply information toward the solution of
Problem 1 (see p. 2, above), the interviewer used
exactly the same procedure as described for discussion
of the filmed science experiment, with one exception:
the children had not beforehand written out their
explanations. Discussion sessions held in pursuance
of Problem 2 (see pp. 2-3, above) the usual Question
Book discussion procedure was used; and the new groups
of children had been given Question Books in which to
enter their questions.

The Sample. The children used for this study
were chosen in such a way as to duplicate at each
grade level and with each ability group some of the
same factors as were present with our three-year group.
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For example, wherever possible a discussion group was

comprised of Thil.pilten from the same classroom who were
accustomed to working as a group for their reading
lessons. The only exceptions to this occurred where
class reading groups were either so small or so large

they would not have made up a discussion group of size
comparable to our three-year groups. In such a case,
we merged or split class groups into discussion group(s)

of the right 3i2a, providing that their range of IQ

scores and reading abilities would then be comparable
to the range represented in the corresponding group of
the three-year children.

The size of the new discussion groups used in
connection with Problem 1 ranged from 7 to 15 children
in the "high group", from 7 to 11 in the "middle group",
and from 6 to 12 in the "low group". Thus, in several
cases these groups differed in size somewhat from those

of the three-year groups. We elected, however, to use
them anyway. For had we insisted on taking groups of

exactly the same size as our three-year groups this

would have meant making more artificial divisions with-
in the class and perhaps forcing together in discussions
children who were not so accustomed to working together.

The size of discussion groups used in connection
with Problem 2 was the same as corresponding three-

year groups.

All groups, with the exception of one "high", one
"middle", and one "low" group, had not been subjected
to the Nebraska Program and were made up of children
from the population of the same school as our three-

year groups.

For the sake of the writer's convenience, and
hopefully, the reader's peace of mind, through the
remainder of this report we will refer to our three-

year groups as "Ex-groups", to the new groups used
in pursuance of Problem 1 as "DC-groups", and to the
new fourth grade groups used in connection with Pro-
blem 2 as "BC-groups".

DC-groups at each grade level were participants
in discussions of the three Illinois Inquiry Training
Films that our Ex-groups had discussed during the three
years of the larger study. We used the films as follows:
"high" DC-groups were shown the film of the varnish can
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experiment and discussed why the can collapsed; "middle"
DC-groups saw the film of the floating and sinking
blocks of wood and discussed why one object floats and
the other sinks; "low" DC-groups viewed the film of the
brass ball and ring experiment and discussed why the
ball stuck in the ring and then why it later fell

through the ring.

Methods of Analysis. Complete typed transcripts
were made of the taped DC-group discussions. Notes
were then made of what explanations were offered by
members of each group at each grade level. These ex-
planations were compared with those which had been
offered in writing and orally by children of the sample

of the larger study. We counted the number of times
each explanation occurred at each grade level in the
discussions and then mapped out which explanations
were characteristic of what grade levels. This was to
be used as our key to the problem of deciding where the
explanations given by the larger study sample might be

said to fit on a scale of cognitive growth with regard
to the physical causality notions elicited by the
filmed science experiments.

The tapes of the discussions held with BC-groups
were analyzed in the following ways: (1) the number
of group members who made contributions of any sort in
language was counted; (2) the length of time spent by
the group in discussing one question was noted: (3)

the length of time between the interviewer's calling
on a child and the child's first utterance; (4) the
length of time between each of a series of utterances
made by child uninterrupted by utterances of other
children; (5) the number of offerings in a series
made by different children uninterrupted by the in-

terviewer; (6) the length of time taken by the series
noted in (5) above; (7) instances were counted of

critical remarks made that were framed in terms of the
supposed consequences of a suggestion's being right --
special note was made of occurrence of such remarks
spontaneously; without the suggestion of the inter-
viewer; (8) we counted instances of imaginitive re-
sponses to interviewer's request for children to
"suppose you were going to write that book" after
child has said he would find out the answer to the
question by looking it up in a book -- also time lapsed
between interviewer's request and child's imaginitive
response was noted.



Also, immediately after each discussion session
with BC-groups, the interviewer noted from memory
the children who had freely used gesture in connection

with their offered explanations as well as cases of

offers to draw diagrams or pictures to help explain.

All this information was then compared with similar

notes made on the last session held with each of our
Ex-groups.

As to the question mentioned above (see p. 3) re-

garding the possible carry-over of behavior patterns
exhibited by the Ex-groups into a discussion situation
involving a larger group without this interviewer being

present; we expressed our wonderings about this to an
administrator of the school in which the Ex-groups were

enrolled. She graciously arranged with the teachers of

all fourth grade children in the school to have all

their children gather in the school auditorium to hear

a lady talk about putting on a play the children had

all seen the week before. After she talked to the

children for about ten minutes, she used some of the
children to demonstrate certain problems that arose
in producing the play -- this demonstration lasted for

about eight minutes. Then for twenty-two minutes the

children were given opportunity to ask her questions
and to make comments. During this discussion period,*

the teachers tallied language contributions made by
each child assigned to her classroom. From these
tallies, we calculated the percentage of the total
contributions made that came from children of our
Ex-groups. We also kept reference notes on where in
the auditorium our groups were seated in relation to
other fourth grade groups.

*That is, during the thirty minutes in which

the children participated.
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RESULTS

Re: Problem 1. The following is a summary of
the data gathered from "high" DC-groups in discussion
of the question: "Why did the varnish can collapse?"

14 Explanations involving the notion that the
can melted or softened, either from the fire of the
burner, from the steam inside the can, or from the
water poured over the top of the'can, occurred at
every grade level from 1 through 5 (None occurred at
grade 6.) but was most common at grades 1, 2, and 3
where it was the most used explanation of all that
came up.

2. The simple explanation: "hot and cold don't
go together;" occurred quite often at grade three.
It did not come up in discussions at any other grade
level.

3a. The mere separation of the hot water inside
the can from the cold water outside was given as the
causal factor in grades 1 and 2 only -- at those levels
it occurred with less than one-fourth the frequency of
"melting " - explanations, and sometimes was given in
conjunction with these explanations.

3b. The separation of steam inside from cold
water outside the can came up in explanations given
at grades 3 and 4 only. At neither level was this
the most common explanation offered. At grade 3 it
was usually given in conjunction with a "melting" -
explanation.

3c. Explanations, in which the separation of
steam or hot air within the can from cold water out-
side the can was given in conjunction with the notion
that the can was corked, not to keep cool air outside
from entering the can, but to keep the hot air or
steam inside the can from escaping -- these explanations
occurred at every grade level but the fifth, and in
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grade four it was partially expressed in mythical terms
(the steam inside the can was personified -- it "wanted
to come out" by two children.

4a. At grades 3 through 6 children offered ex-
planations involving the notion that the mere meeting
of opposing elements was the chief causal factor.
The characteristic expression used was "warm against
cold makes it happen."

4b. Specific elements -- cold water, hot can --
meeting was the characteristic notion involved in ex-
planations which occurred at every grade level (1 through
6), but most commonly occurred at levels 4, 5, and 6.

4c. Water meeting a can that was "so hot" was an
explanation which occurred only at grade 4 in our dis-
cussions. At that grade level it did not occur with
any great frequency.

5. At grades 5 and 6, with some frequency arose
explanations involving the use of the cork in the can
to keep air from getting inside plus the notion that
a "suction" occurred either from inside or from outside
that caused the can's collapse.

6. The isolation of one or two of three correct
causal factors: the separation of inside from out-
side factors; the designation of the inside factor as
steam or hot air; and the cooling of the inside factor
from outside the can: arose only at grade 6 with any
frequency. However, the mention of all three of these
factors occurred only in the explanations of two
children -- one at grade 3 and one at grade 4.

7. Explanations in which a change was said to
have occurred in the can itself were given by children
in grades 1. through 6, but were most common at grades
3 through 6 and in the following forms: "Heat made
the can weak and cold water on a weak can makes it
collapse" -- most common at grades 3 and 4; "The can
was hot and then cold, quickly" -- grades 4 through 6;
the latter expression plus an explicit analogy with
glass breaking -- at grades 4 and 6.

8. Simple explanations in which the "pressure" --
that is, the weight -- of the water being poured on
the top of the can was said to have caused its collapse

10
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10. Explanations which somewhere fit the scientific
explanation outlined in the manual accompanying the
films were offered by children in grades 4, 5 and 6.
However, only at grade 6 was a complete scientific ex-
planation offered, and then only by one child. Others
whose offerings fit the scientific key left out any
indication that a notion of atmospheric pressure was
involved in their thoughts.

Analysis of the "middle" DC-groups' discussions
about the filmed experiment in which two blocks of

wood are first weighed and then placed in a glass tank
of water -- the heavier (pine) block floats and the
lighter (ebony) block sinks to the bottom of the tank
yielded the following results. (The question put to
the children was, "Why does one object float while the
other sinks?")

1. The notion that one block sank because it had
absorbed water, or became waterlogged, and as a conse-
quence became heavier, appeared in a few explanations
offered at grades 3, 4 and 6. These did not occur with
any great frequency.

2. The use of an analogical model of a boat filling
with water appeared, along with the notion that the sink-
ing block had holes in it which filled up with water and
thus sank as a boat would sink, at grades 1, 3, 4 and 6,
but was most common at grades 4 and 6.

3. Extremely prevalent was the notion that the
water got on top of the thin (that is the ebony) block
and forces it to sink. This explanation occurred at
every grade level except grade 2. It was most common
in grades 3 through 6, where children usually added
that, if the water could have gotten on top of the
larger (pine), block it would have sunk, too.

4. The combination of size and shape was given
as the causal factor by children at every grade level

11



except grade 21 This explanation was most common at
grades 3 and 4.

5. Size alone was said to be the causal factor
by three children at grade 1.

6. Only at grades 3 and 5 did children give the
notion that there was some kind of substance in one
block that was not contained in the other block.
These notions were not frequent, however.

7. The difference in the kinds of wood, in that
one was hardwood and one softwood, was singled out as
a causal factor in the experiment by just three children
at grade 4.

8. The difference in the kind of wood of which
the two blocks were made was said to have affected a
difference in their weights and their hardness such
that one sank and the other floated, was offered as
explanation by only two children at grade 4.

9. The difference in the kind of wood affecting
a difference in their weights was given in explanations
offered by several children at grades 5 and 6 only.

10. A combination of the shape and weight only
was given as causal factor by a great proportion of

children at grades 3 and 4.

11. The weight of the blocks was considered the
only causal factor by the overwhelming majority of
children in grades 1 and 2, ane was offered by some
children at grades 3, 4 and 5.

12. A combination of the size, weight and shape
of the blocks was mentioned as the causal factor by
several children at grades 4, 5 and 6. These were
not further explained, however.

13. The combination of just weight and size was
said to be the causal factor in the experiment's re-
sults by a few children ranging from grade 1 through
grade 6.

14. Two children at grade 3 thought that there
was something like paint on the ebony block that made
it heavier and caused it to sink.

12
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15. At grade three, there were two children who
said that air in the pine block made it float. A
similar explanation was offered by two children at
grade 6, also.

16. Only at grades 5 and 6 did an explanation
arise which involved the notion that the blocks' weight
in water was different from their weight on the scale --
that the block that is heavier in water is the block
that sinks. These were not offered by more than two
children at each of these grade levels, though.

17. "The water held it the pine bloc,g7 up" was
the only explanation offered by one child at grade 4.

18. The simple remark that "pressure did it" was
given by one child at each of three grade levels:
grades 3, 4, and 6. This was abandoned by each child
when interviewer asked him to explain what was meant
by the word, pressure.

19. "The big one just wanted to float" was the
explanation given by one child in grade 1.

Light things can float down or stay up "if they
like" was the one given by one child at grade 5.

These explanations we consider to involve mythical
elements since they work upon the personification of
the wood blocks.

The following explanations showed up in our
analysis of the "low" DC-groups' discussions on the
brass ball and ring experiment, in which the children
considered the questions: "Why did the ball stick in
the ring (after it was held over the flame for awhile)"
and "Why did the ball later fall through the ring?"

1. Only in grade 1 did an explanation containing
mythical elements appear. It was in the form; "the
ball didn't want to go through, and then it just fell
through." The child who offered this later went on to
suggest that the ball got sticky in the fire, melted,
and then stuck to the ring.

2. The idea that the ball melted and got sticky
and/or that the ring did so appears at each grade
level (1 through 6), although in grade 6 it was

13
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6. The partial explanation that the ball expanded
in the heat from the flame occurs at every grade level,
though its incidence at grades 1 and 2 is quite low and
occurs in conjunction with the notion that the ball got
"sticky" and/or with the suggestion that the experi-
menter tricked the audience by exchanging balls or by
manipulating the size of the ring. At grade 3 four out
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of the six children offering "expanded" in their
explanations went on to explain their use of the word
in terms of an analogy with a balloon being blown up.
This; "balloon"-analogy occurs only once more, outside
grade 3, and then in grade 5.

7. From grade 4 on through grade 6 the incidence
of the explanation that the ball expanded and then
later contracted relative to heating and cooling, re-
spectively, is greater than at any other level. In
grades 4 and 5, it is still coupled with notions of
"sticky" and "melting" or "magnetism;" but in grade 6
there is less occurrence of these configurations and
more explication citing air in the room as a cooling
factor and of the hot ball's effect on the ring.
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Re: Problem, 2? The iesults of our analysis of
data gathered froth the 80.groups is summarized as
follows: (All averages given for each group represent
the average for the three ability groups -- "low,"
"middle," and "high" -- used from each program.)

1. The total number of group members making
language contributions in relation to the number of
children in the three ability groups were:

Ex-groups 25 out of 25
BC-groups (Neb. Prog.) 27 out of 33
BC-groups (trad. prog.) 25 out of 30

2. Average length of time spent on one question:

Ex-groups, 40 minutes (all time allotted)
DC-groups (NP) 39 minutes all time allotted)
BC-groups (tp) 33 minutes out of 40 minutes)

3. Average time lapsed between interviewer's
calling on a child and the child's first utterance:

Ex-groups
BC-groups (NP)
BC-groups (tp)

less than 3 seconds
5 seconds
4 seconds

4. Average time lapsed between each of a series
of a child's utterances, uninterrupted by another
speaker:

Ex-groups
BC-groups (NP)
BC-groups (tp)

less than 3 seconds
about 3 seconds
about 5 seconds

5. Greatest number of offerings in a series by
different children, uninterrupted by the interviewer:

Ex-groups 12 (average for three ability groups
BC-groups (NP) 4 (average for three ability groups
BC-groups (tp) 2 (average for three ability groups

6. Average of time taken up by series (in #5, above):

Ex-groups
BC-groups (NP)
BC-groups (tp)

16

1 min. 22 seconds
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7. Average number of instances of remarks framed
in terms of consequences of a fellow's suggestion
being correct:

Ex. group 13
BC-groups (NP) 3
BC-groups (tp) 3

8. Average number of imaginative responses to

"suppose" roquests of interviewer; and average time
lapsed between request and response:

Ex-groups 7 less than 3 seconds
BC-groups (NP) 9 9 seconds
BC-groups (tp) 6 15 seconds

9. Total number of children in the three ability
groups using gestures freely and/or offering drawings

to help explain:

Ex-groups 23 out of 25 contributors
BC-groups (NP) 14 out of 27 contributors
BC-groups (tp) 11 out of 25 contributors
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With regard to the question of whether experience

in the discussion situation too three years might have

effected our children's willinghess and Oickness to

make language contributions in a larger group situation

where this investigator was not the interviewer, our

data indicated the following:

Of the 117 fourth graders present at the large

group session (thirty minutes of which was devoted to

children's discur$ive participation) 30 were from our

Ex-groups. Thus, Ex-group members comprised 25.6% of

the total number of children present. 40% of the Ex-

group members present made language contributions

during the session; as compared with 36.8% of non-

Ex-group members. 30.4% of the total number of children

making contributions were in the Ex-groups; while of

the total number of language contributions made during

the session, 23% came from members of the Ex-groups.

Note: Seating arrangements in the auditorium

were such that 411 but five Ex-group members were

neither in front nor in back of the auditorium --

they sat about halfway back; a whole classroom of

children was in front of them and another in back of

them. Five Ex-group members sat in the front on the

speaker-interviewer's left -- of those five, however,

only two made language contributions, one each, during

the session.
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DISCUSSION

The results obtained from analysis of our
DC-groups' discussions of the filmed science experi-
ments were a help in putting into some perspective
the written explanations given for the same films by
the children in the sample of the larger study. We
must emphasize at this point, however, that they serve
only with respect to the children's notions about the
phenomenon of these experiments, and we do not intend
to apply them further. We have not repeated statisti-
cal calculations to see if, among the results from
these discussions combined with results from the larger
study's Situation V written explanations, there is a
correlation between the children's IQ scores and/or
their grade levels and the type of explanation given
for each experiment. Scanning the relevant scores for
the DC-group members has shown us that probably the
same lack of correlation would be found as we noted in
the larger study. Hence, we are still inclined to
think that the type of explanation the children are
apt to give is not directly related to the factors
measured by the IQ tests we administered, or else
there is sufficient overlapping of logical habits and
abilities to make such calculations futile for the age
range with which we are here concerned.

The comparisons we made between the elements of
behavior looked for in the BC-groups from the Nebraska
Program, those from the traditional language arts pro-
gram, and children of our Ex-groups, are striking and
perhaps useful with respect to items 6, 7, and 9 (see
pp. 16-17, above). We believE these items to be a
reasonably good measure of the kind of results which
are forthcoming from the Ex-group children's experience
in the discussion situations for extended periods.

With regard to item #8 (see p. 17, above), it
should be obvious that the quickness with which children
are apt to respond to the "suppose"-request of the
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interviewer will always depend to some extent upon the

question under discussion. During this year, there were
sessions with the Ex-groups in which children took as

long as 20 seconds to respond to the interviewer's xe-
quest. But it happened that in the last Question Book

discussion session of the year (which is the one we used

to compare with our BC-groups) the children were quicker

than that.

Further it should be noted that our results from

these discussion sessions with the Ex- and BC-groups

do not mean that the quality of the remarks made by

Ex-group children were any higher than those made by
children of either of the BC-groups. We have merely
shown quantitatively that Ex-group children had learned

the game of discussing and had played that game with

less formality and more enthusiasm than most of the
BC-groups did.

The results of tallies of the large-group
discussion of which Ex-group members were a part are

not startling. Apparently these children did not
participate very differently than children who had not

had the experience of repeated discussion situations.

Note: In these tallies, what were counted as
"language contributions" to the discussion were tho5,e
utterances of the children that were recognized by the

speaker-interviewer. "Wow," "oh," and "ah," etc. were
not counted by the teachers in their tallying of
language contributions.
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CONCLUSIONS AND IMPLICATIONS

Our analysis of DC-group discussions on the
science films have shown that no definite scale can
be made of our children's explanations in terms of

complexity in their explicit logical movement which
would be useful at this time. What does show up quite
clearly, however, is a shift from analogical model to

analogical model as grade level increases. And def i-

nition of these models may well be the type of key
needed to understand our children's cognitive growth
within the elementary school years (age 7 through 13).

These are the years in which Piaget found the average
child operating within some sort of system with re-
spect to notions of physical causality -- they are the
interim years between mythical, artificialistic views
of the physical world prevalent in his preoperational
stage of development and the more comprehensive,
generalizeable views of which the child is capable
when he reaches the stage of formal operations.

Taking Piaget's work on this as a stepping-off
point one would expect our children to exhibit in
their discussions of physical phenomenon some oscil-
lation between the more mature views and the childish
views. Our data may be showing the effects of such
oscillation, since the explanations we received of the
ball and ring experiment are different in important re-
spects from those of the varnish can experiment. In
both these experiments the properties of heat, metal,
and air all play a part. Yet the same children (in
writings) offered quite different explanations of the
two experiments -- explanations in which they brought
to bear different factors.

In our discussions, it became apparent that along
with the different explanations came different
analogies -- analogies which appeared in much the same
forms in the works of different children. Thus, it
would seem that the shaping of the child's view of the
phenomenon at hand was done in accordance with the
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models that struck him, rather than with the character
of the materials and events Fib saw.

In the child's ideas about the varnish can experi-
ments apparently these analogical models hold sway
during the elementary school years:

First, a view of the can's collapse as a case of

melting;
Next, a view of the steam inside the can as a

active substance which is trying to get out;
Later, a view of the can as directly similar to

a glass which the child has noticed breaks under cer-
tain conditions.

Although, it did not happen often at any given
grade level, we noticed that, in about the same age
range where the glass-analogy was being offered some
children made an analogy between the can's collapse
and a person's fainting under conditions in which there
was a rapid change of temperature from one extreme to
the other.

When the children discussed the experiment
involving the heated ball and the ring, the following
analogies occurred with considerable frequency at
different grade levels, so that apparently there are
steps in the children's views in accord with the models
selected:

First, viewing the placing of the ball over the
flame as a case of melting the ball to make it sticky;

Next, heating the ball is seen as a way of melting
the ball to change its shape;

Then, viewing the heated ball as a magnet;
Later, viewing the expansion of the ball as like

the expansion of a balloon when it is blown up.

In their explanations of the wood blocks experiment,
only two analogies occurred with any great frequency
and they appeared primarily at grades 3 through 6:

First, the sinking block was seen as a case of a
leaky boat (or container) filling with water;

Late-r and often coincident with the boat analogy,
viewing the floating block as a case of a balloon or
air-filled ball which stays afloat in water.

22



Conspicuously absent froth the children's
discussions on the varnish tan and the wood blocks
experiments was any acknowledgmedi of forces at work
other than those which are taken to have their sources
within the objects of the experiments themselves. For

example, atmospheric pressure does not come into their
methods of conceptually handling these two experimental
phenomenon. Similarly, the possibility that the water
in the tank (re: the wood blocks experiment) may be
exerting an upward force against the blocks does not
come in -- except in a very few upper grade children's
explanations.

Further, what would be regarded by an adult as
"self-contradictory explanations" were given without
hesitation by enough of our children in grades 1 through
3 to make it obvious that Piaget's experience with this
childish habit is well founded. For a considerable
number of our children said that the pine block floated
because it was heavy and that a piece of metal would
sink because it was heavy. At third and fourth grades
some children who had said this, showed puzzlement once
they'd expressed it and immediately took back that ex-
planation. The younger children (who answered thus
without hesitation or puzzlement) evidently saw nothing
wrong with such a conjunction of expressions. Therefore,
we suggest that they viewed the two blocks as so dis-
tinct that applying similar principles to an explanation
of both blocks did not even occur to them. Further,
when the interviewer pointed to the two (opposing) ex-
planations and asked these children if they were all
right, the children showed no problem with their
conjunction.

With respect to the high proportion of explanations
in which the children used the word, melt, in connection
with the two experiments involving metal objects, we
must conclude that their ways of viewing the two sets
of circumstances are not only different from the way
we would expect an adult to look at them but they are
different in important respects from one another. In
the case of the varnish can, it seems that all we can
take the child who says "the can melted" to mean is
that the can's shape changed. Whereas, in the case of
the ball and ring, "melting" sometimes involves getting
sticky and sometimes involves changing shape. In any
case, it would be a grave mistake to try to read into
these children's expressions ideas that involve the
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1,7

distinctions and discrimination which are part and

parcel of adult views.

Here, as in the data gathered from the larger

study, there are numerous instances of the child's use

of ordinary linguistic forms as suggestive models for

his own concrete analogies. "The ball sticks in the

ring" was often changed to "it sticks to the ring" and

in connection with that the magnet model and the glUer.

sticky model are readily available. "The can collapsed"

was often connected with an expression such as "the

person collapsed," thus readily connected with "it can't

get enough air" and "it couldn't stand it".

Until the child's view of the phenomenon of each

of these experiments becomes sufficiently abstracted

and generalized out of the specific objects and cir-

cumstances of the experiments, there is no reason to

believe that he can work effectively with scientific

principles. That does not mean, however, that he can-

not parrot the words given him by adults in connection

with a given set of phenomenon. Hence, teachers could

be easily misled by the child's facility in verbalizing

such principles at the "right time", so to speak, if

no effort were made to get the child to engage in some

overt activity in conjunction with his verbalizing.

The extent to which children learn the language used

within a context without relating that language to the

proper activities or events has been born out time and

time again by the results of this study as well as those

of the larger study. When pressed for further explana-

tion of the terms of that language in our free and open

discussion sessions, the child who is not at home in it

would drop the language and use terms he could work

with clearly. We feel that forcing the child to use

the language he is not at home with merely forces him

to regurgitate to satisfy the teacher and does not

help him to understand in any way.

The effects of participation in our regular
discussion situation have shown themselves in the in-

creased ability of the discussants to engage in an
exchange of views and to entertain the consequences of

a child's view. The possible implications of this for

elementary education procedures should be obvious.

For by using open discussion in the classroom in such

a way that children are encouraged to express their

own ideas as clearly as they are able, the teacher

24



puts himself in an excellent positioh to view the
child's reasoning habits and thus to see the ways in
which the child assimilates the material given in the
classroom. Certainly, the teacher must have some
knowledge of these imorder to reach the child, to
teach effectively.

The primary force of our conclusions in this study

stands as an underscoring of the implications of the

larger study. Therefore, we refer the reader to the
Recommendations section of the larger work. (See
pp. 29-30 of the Final Report of Project No. 5-8344,
entitled: "The Analysis of Children's Compositions
in Terms of Logical Criteria and Cognitive Theory
(Grades 2-6)".)
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This work was undertaken in order to provide a
check upon certain facets of data collected in con-
nection with a study of elementary school children's
writing and to provide information to aid in interpreting

the language behavior of some of the children of that

study in terms of cognitive developmental levels. The

larger study, entitled: "The Analysis of Cognitive
Growth of Children as Shown in Their Oral Discussion
and Written Compositions", was supported by the U. S.

Office of Education under Contract No. OEC-3-7-068713-
0277.

In this study, fresh groups of children (grades 1

through 6) were taken in discussion situations com-
parable to those used in the larger study. The data
gathered in these discussions were compared with those
collected from the larger study in order to:

1. define levels of conceptual behavior in the
explanations given for three filmed physics experi-
ments which were shown the children;

2. measure the effects on a segment of the
larger study's sample of regular participation in a
free and open discussion situation over a period of
three years (spanning the children's second, third, and
fourth grades).

3. see if there was a carry-over in these
children's willingness to make language-contributions
in the small group discussion situation to a larger
group situation with a stranger acting as interviewer.

The results of this research showed:

1. that as children increased in grade level
(from 1 through 6) in elementary school, the types of

analogies in terms of which they tended to look upon
the viewed experimental phenomenon changed even though
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the logical complexity of their expressions showed
great variations at every grade level;

2. that children who had participated for three
consecutive years in our discussion situation behaved
differently from those who had not so participated,
particularly, in that the experienced groups (a) were
quicker at responding to the interviewer's suggestions,
(b) were able to carry on the discussion for longer
periods without interference or interjection by the
interviewer than were the other groups, and (c) exhibited
more free use of gestures in connection with their verbal
ofZerings than did the unexperienced groups;

3. that there was no significant difference
between the number of language contributions made by
children of our discussion groups, and the number made
by other children when all were placed together in a
large group for discussion with a stranger acting as
interviewer.

The results of our analysis with respect to
the comparisons made of the experienced groups with
the unexperienced groups in small-group discussions
show beyond a doubt that use of the discussion situa-
tion is especially valuable for developing children's
ability to handle language discursively and imagina-
tively. And thus it may be useful for the teacher as
a way of "finding the match" by which to reach the
child effectively in presenting new material.
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