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To find out if children could make functions before age 4, 73 children aged 1 to 4
were encouraged to imitate the use of a lever to make a beanbag fly up. Functionsare
mental relationships that preoperational children can make between 2 things at a time
in a unidirectional way (Piaget, Grize, Szeminska, & Bang, 1968/1977). The child’s
construction of the following 3 functions was hypothesized and confirmed: (2) As a
function of being pushed down, the up end of the board (the lever) goes down; (b) as a
function of this descent, the down end of the board goes up; and (c) as a function of

~ this ascent of the board, the beanbag flies up. Three developmental levels wete found,
and educational implications are discussed.

Until 1968, Piaget wrote about preoperational children’s logic mostly in negative
terms as a time when children cannot yet conserve, cannot yet class include, cannot
yet senate and so on. In Epistemology and Psychology of Functions (Piaget,
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Szemmska & Bang, 1968/1977), however, he evaluated one type. of
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FIGURE1 The material used to find out about the presence of (a) functions and (b) conserva-
lion.

preoperational logic positively and called it functions. Functions are mental rela-
tionships that preoperational children create between two things at a time in a uni-
directional way.

For example, in individual interviews (Piaget, 1977), preoperational children
were presented with a string draped across a nail as shown in Figure 1. Another
piece of string was then cut to have the same length as the first one, and the child
was asked to ascertain that the two pieces of string had the same length. The second
piece of string was then rolled up and set aside, and the child was asked what would
happen if the upper end of the string (y) was pulled to the right. The preoperational
child correctly predicted that y would become longer and that y' would become
shorter. The string was then pulled to the right, and the child was asked if the string
v + y' was just as long as the second piece of string that had been rolled up. The
child’s answer was no. This is an example of a function, a relationship preoper-
aticnal children can make between two things (y and y') at a time in a unidirectional
way, before becoming able to conserve length. These children do not think about
the possibility of pulling y' back to its original position.

The experiment described in the preceding paragraph was included in another
study that was published in Epistemology and Psychology of Functions (Piaget et
al., 1968/1977). A simplified version of the apparatus used in the later study is pre-
sented in Figure 2. In this apparatus, the string (y + y') was attached to a spring, x,
which was attached to a wall, and the child could pull the string down at z. When
the children were asked what would happen if z was pulled down, the first relation-
ship the Level I children made at ages 4 through 6 was between the action of pull-
ing 7 and the spring stretching. The Level I children said, in other words, that the
spring, x, would become longer as a function of the string being pulled down at z.
Maost of the Level I children thus overlooked the intermediary variables hetween
the action of pulling the string at z and its effect on the spring. At Level L between
7 and 10 years of age, however, the children coordinated the intetmediary pairs amd
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FIGURE 2 The apparatus used to find out abowt children’s coordination of functions.

said that pulling z would make y’ longer (a function between z and y"), that y" would
in turn pull y and make it shorter (a function between y' and y), and that y would
then pull x and make it longer (a function between y and x). As they coordinated
these intermediary pairs with increasing precision and reasoned that the increase in
y'is compensated by a decrease in y and that a decrease in y is compensated by an
increase in x, the children later became able to conserve the length of y + y'and of y
+ X

In Epistemolagy and Psychology of Functions (Piaget et al., 1968/1977), Piaget
gave many examples of functions in the logico-mathematical realm but presented
only the aforementioned experiment that involved physical knowledge. To under-
stand the difference between the logico-mathematical and physical realms, it is
necessary to review the fundamental distinction Piaget (1967/1971a) made be-
tween physical and logico-mathematical knowledge according to their ultimate
sources. Physical knowledge is knowledge of objects in the external world.
Knowing that a spring will stretch when it is pulled is an example of physical
knowledge. The ultimate source of physical knowledge is objects in the external
world, but the source of logico-mathematical knowledge is in each individual’s
head. When a person is presented with a red block and a blue one, for example, and
says that the two blocks are different, “different” is an example of a mental rela-
tionship that person has made in his or her head. The red block and the blue one are
observable (physical knowledge), but the difference between them is not
(logico-mathematical knowledge). The difference is made by each person who
thinks about the two blocks as being different. If the same person decides toignore
color, the same blocks can become “similar” or “the same.” If, on the other hand,
the person decides to think about the blocks numerically, the two blocks can be-
Come “we” Logico-mathematical knowledge consists of the mental relationships
thit e b amdrendial makes, and s oltimate source is in each individual™s mind.
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In the preceding discussion about physical and logico-mathematical knowl-
edge, we spoke as if the two kinds of knowledge exist separately in the human
mind. In reality, however, according to Piaget, the two kinds of knowledge exist
together, inseparably, until the age of 5 or 6. At this age, logico-mathematical
knowledge begins to be differentiated from physical knowledge (as can be seen
in the conservation of number). However, physical knowledge always remains
dependent on logico-mathematical knowledge. For example, to find out that
pulling a spring makes it longer, one has to be able to make the logico-mathe-
matical relationship of “longer.” To figure out that pulling the string with twice
as much force makes the spring stretch 1.3 times as much, for example, one
needs more elaborate logico-mathematical knowledge. Figuring out the numeri-
cal relationship between two variables belongs to physics—the logico-mathe-
matization of physical knowledge. The function between y and x (y becomes
shorter as a function of x becoming longer) is also an example of the logico-
mathematization of physical knowledge.

In the experiment involving a spring in Epistemology and Psychology of Func-
tions (Piaget etal., 1968/1977), the youngest children were 4 years old. We wanted
to know if functions could be experimentally demonstrated at a younger age in an
activity involving physical knowledge. Therefore, we decided o ask 1- to
4-year-olds to imitate the use of a lever. In this task, the interviewer put a beanbag
on the down end of a lever (see Figure 3a) and quickly pushed the up end down to
make the beanbag fly up. We chose this task partly because we knew that it ap-
pealed to 4- and 5-year-olds (Kamii & DeVries, 1978/1993) and partly because we
saw the following three functions in it:

I. Asa function of being pushed down, the up end of the board goes down.
2. Asa function of this descent, the down end of the board goes up.
3. Asa function of this ascent of the board, the beanbag flies up.

We chose this task also because we had found in a previous study (Miyakawa,
Kamii, & Nagahiro, 2005) that a good way to get 1- to 3-year-olds to comply with a
request is to encourage them to imitate an intriguing action. We also knew from
previous research (Kamii & DeVries, 1978/1993) that these kinds of physi-
cal-knowledge activities attract babies and young children. Physical-knowledge
activities are those in which children act on objects, mentally and physically, to
produce a desired effect.

In sum, the purpose of the present study was to find out if 1- to 4-year-olds make
and coordinate functions (logico-mathematical knowledge) in a physical
knowledge activity. Aside from the study reported by Piagetet al, (1968/1977). the
only mention of functions in a physical-knowledge activity found in the literate
is a brief reference to it by DeVries, Zan, Hildehrmdi, Fdmiaston, and Sales
(2002). Although the development of logic in infiney T becn stdicd by e
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FISURE 3 The arrangements made in Procedures 4a, 4b, 4c, and 4d.

searchers such as Langer (1980) and Sinclair, Stambak, Lezine, Rayna, and Verba
(1982/1989), no work can be found about functions in the first 2 years of life. We
wanted to know when functions could be observed before age 4.

METHOD

The participants were 73 children attending one of three private child care centers
in Okayama City and Fukuyama City, Japan. Because both parents had to be em-
ployed for a child to qualify for day care, the sample can be characterized zs mid-
dle class with both parents working. These sites were selected because their teach-
ers worked toecther 1o develop a constructivist curriculum. See Table 1 forage and
pender disteibaions: note that in the able, 10 means 1 year and O months
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TABLE 1: Age and Gender Distributions of the 73 Children

Age Tinal Boys Girls Average Age
bt 135 10 3 5 1 year, 3 months
16w 111 12 7 -] | year, 8 months
2010 2:5 10 3 7 2 years, 3 months
610 101 11 G 5 2 years, 8§ months
30o 35 i 4 6 3 years, 3 months
36w X1 10 4 3] 3 years, 8 months
40045 10 5 3 4 years, 2 months
73 34 30

Mote, 130 = year, 0 months.

The materials used were a wooden board (12 x 60 em, 0.5 cm thick), a paper
tube (30 cm long, diameter of 5 cm), and a beanbag (made of cloth, 6 % 6x6cm,
weighing 30 g). All of the interviews were videotaped.

Procedure

1. The interviewer brought the child to the game room (or sometimes stayed in
the child’s classroom when he or she was reluctant to go) and sat on the floor with
the child. (A game room in a Japanese child care center is like a small gym with a
stage at one end.)

2. The interviewer put the board on the tube to make a lever and said to the
child, “Watch what I'm going to do, because I'm going to make this beanbag fly up
in the air” The interviewer then placed the beanbag on the down end of the board,
making sure the child was watching, and quickly pushed the up end down to make
the beanbag fly up.

3. Ifthe child seemed interested in a suggestion to imitate this action, the inter-
viewer proceeded to Procedure 4a. If not, she repeated the demonstration three (o
seven times (depending on the child’s degree of indifference), trying to coax him or
her. If the child showed interest, the interviewer proceeded to Procedure 4a. If nol.
the session was terminated.

4a. Saying, “Would you like to try it?,” the interviewer handed the beanbay: 10
the child, keeping the lever in the same position as before (Figure 3a). If the child
succeeded in making the beanbag fly up three or more times in succession, the
terviewer proceeded to Procedure 4b. If not, the demonstration was repeated s
many times as necessary, and the interview was terminated when the child™s ac
tions could be characterized.

4b. Saying, “Let’s change the board like this.” the interviewer clamged the e
ver to the position in Figure 3b, making surc the child was watching. With the ngp
end of the board now on the opposite side, the inerviewer apdedd the Breandge te
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the child. If the child succeeded in making the beanbag fly up three or more times
i1 succession, the interviewer went on to Procedure 4c. If not, the interview was
ended when the child’s actions could be characterized.

4¢. Making sure that the child was watching, the interviewer changed the posi-
tion of the board as shown in Figure 3c so that the up end would be directly in front
of the child and the down end would be away from him or her. *T wonder if you can
make the beanbag fly up when I change the board like this.” the interviewer said. If
the child was successful three or more times in succession, the interviewer went on
to Procedure 4d. Otherwise, the session was ended when the child’s actions could
be characterized.

4d. Makingsure thatthechild was watchin g, the interviewer changed the leverto
the position in Figure 3d. Moving the up end of the board away from the child, she
asked. “1 wonder if you can make the beanbag fly up when I change the board like
this.”* The interview was terminated when thechild’s actions could becharacterized.

The preceding steps describe only the outline of the procedure. In reality, a clin-
ical interview requires additional interventions depending on each child’s re-
sponses. For example, if the child did not apply sufficient force in pushing the
board down, the interviewer sometimes pushed the board down with the child. Re-
marks such as “I wonder what's a good place to put it [the beanbag]” were also
made to focus the child’s attention, when appropriate.

RESULTS

The three of us viewed the videotapes together several times to see if developmen-
tal levels could be conceptualized. Generally, we first agreed on a specific criterion
(or criteria) and then counted its frequency. For example, after agreeing to define
Level 0 as one where the child showed no interest in the activity, we counted the
number of times each child picked up the beanbag and put it on the board. If the
frequency was zero, the child was categorized at Level 0. If it was more than zero,
the child was categorized at Level 1 or higher.

The Developmental Levels Found

The four levels agreed on in the end are summarized here and described later in
more detail.

Level 0. Showing no interest in the activity.

Level I. Acting only on the beanbag (no function made).
Type IA. Picking up the beanbag and putting it on the board.
Type IB. Pulting the beanbag on the board and hitting it directly.
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Level II. Acting on the board but being unable to make the beanbag fly up (only
one function made).

Level I1I. Acting on the board and making the beanbag fly up (all three functions
made),

O criteria for categorizing a child at Level I were that the child (a) put the
beanbag on the board and (b) never hit the board. Our criteria for categorizing a
child at Level 11 were that the child (a) put the beanbag on the board and (b) hit the
board. The Level 11 criteria did not specify where on the board the beanbag was to
be placed or which part of the board the child was to hit. For Level IIL, our criteria
were that the child (a) always put the beanbag on the down end of the board in all
four of the positions illustrated in Figures 3a, 3b, 3¢, and 3d; and (b) always hit the
up end of the board. We were able to make judgments of never and always proba-
bly because of the presence or absence of functions. When a child had not made the
first function (as a function of being pushed down, the up end of the board goes
down). it did not occur to a Level I child to hit the board. Once a child made the first
function at Level II, however, it did not occur to him or her to act on anything ex-
cept the board. Likewise, when a child had made all three functions, it became ob-
vious to him or her that the place to put the beanbag was on the down end of the
board and that the place to hit was its up end,

Level 0: Showing no interest in the activify. 'The children categorized at
Level 0 were the 4 youngest children, who were 1;0, 1;0, 150, and 1;3.

Example 1. Riku (1;0)

The interviewer repeatedly made the beanbag fly up while asking Riku to
watch her, but Riku did not even look at the beanbag. The expression on his
face remained unchanged, and the only time he showed any interest in the
beanbag was when it landed on the floor near him and when the interviewer
offered it to him. He then picked it up, lifted it, and dropped it or threw it

Level I: Acting only on the beanbag (no function made). Type 1A babic
(Example 2) merely put the beanbag on the board and showed no reaction when
coaxed repeatedly to make it fly up. By contrast, Type IB babies (Example %)
the beanbag on the board and hit it directly. Type IB children used the relation:lup
Type IA children made and acted directly on the beanbag rather than indirecily
through an action on the board. Types 1A and IB were considered types rather thn
sublevels because they overlapped in age. Type IA was observed from 1.5 16 10
and Type 1B was found from 1;4 to 1;8.

Example 2. Type LA, Yamato (1:5)
Yimato sl dnneresn by sonilinge ae oo e the Degmbaes Thes ogs and

ot o v lectn 00 DonmndBesal awnn 0w A losas S Ten seesnes o] feaf o sy
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eral times, he even began to anticipate the beanbag’s flight by looking at the
down end of the board as soon as the interviewer touched the up end. How-
ever, whenever the beanbag was handed to him with encouragement to make

it fly up, he placed it on the board and showed no intention of doing anything
else.

Example 3. Type IB, Tomoki (1;8)

Tomoki was like Yamato (Example 2), but he hit the beanbag after plac-
ing it on the board. In spite of many repeated remarks and demonstrations,
like “Iwonder why it doesn’t fly up. Let me show you again,” Tomoki put the
beanbag randomly at various places on the board and always hit it directly.

Because the Level I children did not act on the board, they cannot be said to
have made even the first function we hypothesized (as a function of being pushed
down, the up end of the board goes down). By contrast, at Level II children began
to hit or push the board down, thereby manifesting the belief that they could make
the beanbag fly up by acting on the board.

Level ll: Acting on the board but being unable to make the beanbag fly up
(only one function made). The progress at Level II was that the child now al-
ways tried to make the beanbag fly up by acting on it indirectly (by acting on the
board). But if he or she succeeded in making the beanbag fly up, this success was
the result of random trial and error. Level II extended over the widest age range,
from 1,9 to 3;9, and had the greatest number of children. Within this level, it was
impossible to identify sublevels because only 2 children clearly succeeded in Pro-
cedure 4a but not in Procedure 4b, and only 2 clearly succeeded in Procedure 4b
but not in Procedure 4c.

Within Level II, however, one kind of progress was clearly found: Children
quickly figured out that the end of the board to push down was the up end. This re-
lationship between the action on the board and its up end corresponded to the first
function we hypothesized—as a function of being pushed down, the up end of the
board goes down. As can be seen in Table 2, this first function appeared for the first
time at the age of 1;10. Of the 29 children at Level II, 24 pushed the end of the
board that was up at least 75% of the time. (To categorize every child’s placement
of the beanbag and every action on the board, we made the three categories of (a)
the side of the board that is up, (b) the side that is down, and (c) the middle [defined
as within 10 ¢cm of the line along which the board was resting on the tube]. After
tallying every child’s every action together, we calculated percentages and made
Table 2.)

At Level I1, it was easy for children to decide which end of the board to push
down but very difficult to figure out where to put the beanbag. Of the Level 1I chil-
dren, 2% (6 out of 29, as can be seen in Table 3) put the beanbay in the middle
where the board wias resting on the tbe at least 75% of the tinge, Becmee the



TABLE 2
Level Il Children Who Pushed the Up End
af the Board Down at Least 75% of the Time

Pushing the Up End of the Board
Age at Least 75% af the Time

19
1:10 X
110

2.0
3]

21
32
22
24
24
24
25
6
2.6
2.7
27
47
2:7
2:7
28
11
211
30
34
34
EH]
7
39
30
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beanbag placed there sometimes jumped a little if the child pushed the board force-
fully and quickly enough, it was often impossible for him or her to see that this was
an undesirable place. Probably the most accurate way to describe what Level II
children did with the beanbag is to say that they placed it randomly at various
places on the board. Some of them sometimes put the beanbag on the up end of the
board and pushed the same end down.

Within Level II, significant signs of progress observed among some older
3-year-olds were hesitation, self-correction, and immobility with both hands up
while trying to decide which end of the board to push down. For example, Miyu
(3;9) put the beanbag on the up end of the board, got ready to push the same end



TABLE 3
Level 1| Children Who Fut the Beanbag
Owver the Tube at Least 75% of the Time

Putting the Beanbag Over the Tube
Age at Least 75% of the Time

19

;10 x
1:10

2:0 X
21 X
21

3.2

22

24

24 X
24

25

26

;6

2:7

7

7 X
7

27

LB

11

211

30

34

34 X
LR

EH)

39

39

down, but interrupted herself to move the beanbag to the down end. Conflict was
also evident when a child put one hand out to hit the board, then the other hand, and
kept both hands up while trying to decide which end of the board to act on. These
behaviors were manifestations of emerging functions. Miyu interrupted herself
probably because the second and third functions were emerging. She got ready to
push the up end of the board down, but it then occurred to her that the beanbag
could not fly up if it was on the same end of the board that she was about to push
down. When she thus coordinated all three functions, she “saw™ that as a function
of the up end of the board going down, the down end would go up and make the
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beanbag go up. When she thus coordinated the three functions, she felt the need to
move the beanbag to the down end of the board,

Level IlI: Acting on the board and making the beanbag fly up (all three
functions made). Level Ill was easy to identify. Once children figured out why
they should push the up end of the board down and why the beanbag should be
placed on the opposite end, they had no difficulty making the beanbag fly up in any
of the four situations (Figures 3a, 3b, 3¢, and 3d). When the children solidly coor-
dinated the three functions we hypothesized, all four of the positions became easy
to deal with. In other words, Level II children sometimes achieved success by trial
and error, but they could not reproduce their success because they did not under-
stand why they were successful. Level III children were consistently successful be-
cause they knew the reason for their success.

In sum, the first function was easy even for 2-year-olds to make, but the second
and third functions took a long time to emerge. The reason is probably that the sec-
ond and third functions required the making of relationships that went counter to
the first function. It was easy even for 2-year-olds to “see” that they should push
the up end of the board but impossible for them to think about what would happen
to the down end. As can be seen in Table 4, only 65% of the 3-year-olds made the
second and third functions. However, 100% of the 4-year-olds made all three func-
tions, and making a lever work became easy for all of them.

The Relation Between the Developmental Levels
and Children’s Ages

As can be seen in Table 4, there was a clear relationship between children’s ages

-and the levels found. Levels 0 and I were found mostly among the 1-year-olds;
Level II, among the 2-year-olds; and Level III, among the 4-year-olds. The rela-
tionship between these levels and the three functions we hypothesized is discussed
in the next section.

TABLE 4
Relation Between Developmental Levels and Ages
Level
Age ] I il i Tiatenl
1:0-1;11 4 {13%) L5 (68%) 3 (145 13
2:0-2:11 I (5%:) 19 (90%:) 1 (5% B
3;0-3;11 7 (35%) 13 (%) Y
4;0-4:5 104 TR 2 1]

Tatal 4 16 kLt ]| K
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DISCUSSION

The purpose of this study was to find out whether children younger than age 4
make and coordinate the following three functions:

I. As a function of being pushed down, the up end of the board goes down.
2. As a function of this descent, the down end of the board goes up.
3. As a function of this ascent of the board, the beanbag flies up.

We found that 76% of the 2-vear-olds made the first function (16 2-year-olds at
Level 11, according to Table 2, divided by 21), and 65% of the 3-year-olds made all
three of these functions (see Table 4). All of the 4-year-olds made all three of these
functions.

The first function was easy for Level Il children to make, but the second and
third functions took a long time to emerge. The second function was especially
hard to make, probably because it went in a direction opposite than the first. When
children concentrated on pushing the board down to make it go down, thinking
about the opposite end going up was probably impossible. When older Lavel IT
children began to show hesitation, indecision, and self-corrections, this indicated
that the children were beginning to make new relationships in their minds. Until
this time, the Level I children had been busy putting the beanbag anywhere on the
board by trial and error, but they now began to feel a contradiction between putting
the beanbag on the up end of the board and pushing the same end of the board
down. When this happened, the children began to move the beanbag to the down
end of the board.

At Level 111, the children made and coordinated all three of the functions, and
how to make the beanbag fly up became obvious. When this happened, the activity
became boring to the children. All three of the functions we hypothesized can thus
be said to have emerged toward the end of Level 1.

It was gratifying that the data confirmed the three functions we had hypothe-
sized. However, by rerecading the chapter about the spring and the string mentioned
at the beginning of our article (Piaget et al., 1968/1977, and Figure 2), we became
aware that we had overlooked an initial, global function that later differentiated
into the three functions we had hypothesized. The first function reported by Piaget
et al. was between the children’s action of pulling the string at z and the end result
of the spring stretching (x). The three intermediary functions—(z, y"), (¥, v), and
(3, x}—emerged later.

We returned to the data to see if we might find a similar first function and indeed
found one at Level II. At Level I, the children in our study acted directly on the
beanbug, but at Level 1T they started to act on the board to make the beanbag fly up.
The Tevel 1 ehildren acted on the board because they expected this action to result
in the besnbag seent This relationship the Level 1 ehildren made between their




action und the énd reslt was the first éndifferentiated function the childien made,
and the ‘hree functivns we hypothesized were the intermediary functions they
made atei. The 5 Lesvel IT children withont an x in Table 2 (ie., those who did niot
push ihe ap end of e board at least 73% of the time) were e ones who piade this
global function bue not the first function we had hypoihestred.,

"This stwdy illestrates an imponan poinl Piagel made: Humae beings sec things
not anly with their eyes but also with their minds (Bringuser, 1977/1980), When
they conld not “sea’” that she was acting on the board, the Eeval I children miitated

the interviewer mcorrectly by acting directly on the beanbag, Level [ children’s .-

legico-mathematical relationships (functions) were pot developed sufficiently o
“see™ that the interviswes was acling indirecily on Lhe beanhag by acting on the
board. Likewise, Level I children could not “see™ for a long time that the mec-
viawsar wis purting the beanhag on the down end of the board. No matter bow many
Hraes we demanstrated how to make the lever work, most Level 11 children covld
1ot “see” that the interviewer was always placing the beanbag on the down end of
the board. These examplies illustrare human beings’ dependence on [ngico-mathe-
matical knowledge W neguire physical knowlédge.

Fiaget (1965/197 |k} described the relationship between human beings’ acqui-
sition of physical and logico-mathematical knowledge in the following way:

Startine [t infarey] from a stale of ceatration o A self uneognizant of itself end in
winich the subiective and objective are inexrricably intermidgled, the progressive
decenuat:on of the subject feads ko a twofold movement, of externalization. tending
tn physical ohjceliviky, and ntonalization wndme o logioo-thathemabeal cohec-
eros. Bul physical kaowledre renzins impossidle wirhouo! the logico-mathematical
framework and 1¢1$ Impassihle to construct the latter wikhout ks being applicable 1o
“aay™” abject whatever. (p, H1A)

The present study demonsirated how a child becomes able to *see” the Inter-

viewe's aciion an the up end of the beard when he or.she makes the first function - L

{logico-mathernatical knowledge), Tius study afso showed that a child becomes
anle o “wee” the interviewer's placement of the beapbag on the down end of the
aoard whan he or she makes the second and third functions, Physical knowledgeis
indeed impossible to construct without 4 logico-mathernatical framework.

Piaget (1937/1954, p. 355) elso described the intervelated development of phys-
ical angd legico-mathematical knowledge with the two circles shown in Figure 4. In

this figure, A is the point where the child meets the most superficial part of theen- - -

viromment and &1l enalogous points, Y is the pole of externalization tending toward -
the acquisition of phyzical knowledge, and X 1 the pole of internalication tending
toward the elabaration of legico-mathematical knowledpe. The mors elaborate the

child’s logico-rmathematical knowledee becomes, the more he or she can “seg”in .0
e world of objects, ead vice versa For example, when the Level 11 child cop- 7




FIGURE 2 “The chiid’s deindoproeut of logtce-mithe mavical nowledze (K and ph;rii'un
goowledoe (. A 5 e mewnm‘c Lbe shrilek nizets the reiok bllpc:ﬂ'-t—_.lﬂ 1'.I‘E|J.| o IJ.TIB' L .m:lmc:m:
and' 22 analogous posca. - . . s .

strzcted the first fencrion we had hypathesized (logico-mathsmatical ki LedpET,
he or she became able to “sea™ that the interviewer was pughing the up end-of whe
board. By imitating this action, the child acquired a corstdérable sanodnt of physi-

cal knowledge. Out of the physical knowledge sequiréd by puﬂhin'ﬂr'ﬂﬂ up end-of

the board, it hecame passible for the child to constratt the second wnd thizd fene-
tions (logico-mathematical knowladge). Logico- mathemoiical kl‘rﬂwlﬂdﬁ“‘ indeed
makes the acguiciton of physical knowledge possible, but the new ph} sical kmxowl-

edge thus gained makes possible the furlther elaboration of ln:rgmr:l mmh..,mﬂuul :

ko bed ge.

Educationalimplications

The educational implication of this stucly is thal physical-knowledge activieies Lke

the one imvolving a lever are good for wvoung children’s devclopment of '

fogico-mathematical knowlcdge, Physicul-knowledge actinties 2re cspeciolly
guod Tor young children’s intellectual development, becauss they mobivate chel-
dren (o try o produce a desired effect, and children can tell immediitely whether
they were successitl, The immediate feedback from objeets motivates childrer to
think hard 1o [gure out how to modily their actions. As Fiagel said, Tt is when
avents or phenomena must be explainred and poals attained throue 1 an ofganizarion

of canses that operations [logico-mathematical relationships] will be usm:l [aml :ic--_' L

veloped] most™ (Piaget, 197149%4, p. 17

The development of Togico-rnathematical knowledie in physical- kn:!wludg,z';:__j- " B 5
activities has heen documented in Bamil, Mivakawa, aud Kato (2004); Mi}alcmﬂ. .ﬂ:' S

.....
5 :
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et al. (2005): and Kumii, Rummelsburg, and Kari (2003). The third study is espe-
cially significant becanse it showed that pliysical-knowledge setivilics can encoar-
age low-performing, low-socioeconamic stulus first geaders 1o think hard, therchy

* building the cognitive foundatior. necessary for arithmetic. The present study fur-
ther atiests (o the thinking children do, especially toward the end of Level 11 Jtwas
pointed ot that they stop their actions when they make ocw mentul relationships,
hesitate. and think abont what w0 do differsuthy o produce the desived effect,
1.cpico-mathemetical thinking devetops when children think, and the present
stirdy revealed spacific mental relationships that preoperational children can ks
and coordinate.

When the setivity used in the present study becomes too easy, the teacher can
introduce o longer baard wnd ask childran it they can Jump oo 1t make 4 big
beanbeg Ty up Lo the ceiling (see Kamii & DeVries, 1978/1993, chapter 5}
Children will then hegin to vary the distance between the beanbag and the fetcrim, -
and between the fulerum and the upper end of the board, rving to see if these fac-
tors make a difference to the height of the beanbag’s flight. L

"Twwr of the tnost irportunt principles of teaching when encowaging children o
thivk zre (a0 to refrain fom suggestag whel to do and [ron teinforcing “carreett
hehaviors, and (b} to let children decide bow long they wanl 16 play, Tra-:htmn&l.-. _
teacing has taught teachers to reinliorce correct responses, but in 2 gh}rﬁi--
cal-knowlcdge activity children can tell whether o not they were mccesst’ut ak
teacher’s einforcement is not only supertlucus bui also likely er::: fare mth‘tl
Ghlid's thinking. Likewisce, any suggestion fiowy an adult aboot how e be, aumﬂs;w
ful deprives children of an apportunity to do their own thinking. The Db_}ﬂdl‘l.-'ﬂ LA
hysical-knowledge activity is not that children lexrn how to make a lever, T]:le nl X
jaetive 1s [or children 10 have oppottunilias to make menial relationships. "

IF children want to continue >aying with a lever, this is proof that- thﬁm :ma
teinsically motivated to think. T they are motivated, they will want to- -.lruggh, fuit
]mgmmHmwmﬂmHMHMWﬁmmmmmmmmwmumﬁmmh
Meny other examales of physicai-knowledge activities can be found in £k i
Kraeledes in Preschool Educarion (Kamii & DeVries, 19733‘19%) lhl.,:'l' AT H
enczuraged 1o ise and modify those kinds of activilies fo sncourage, Byt i

meks and coerdinate Tunctions and fo dﬂvclnp theu loglm—mtham;ar HE
=dze, : : '

HEF F{E’.NCES
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