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ABSTRACT |

The study attempted to show that the first grade

ychild's learning in a new area must involve overt concrete

experiences from which new ideas will be derived. Forty-nine
students, assigned to six groups, were instructed on three scientific
concepts. The verbal instruction technique was similar to that
suggested in SCIS. The application segment involved actual
manipulation of props and simple drawings. All tests were of the
interview type modeled after Piaget's revised clinical techniqueas.
General conclusions drawr include that while the first grader's
science instruction must not be limited to pictures and reading,
instruction must not be exclusivel; involved with actual
manipulations of objects either. Diagnostic placement of a child into
an instructional sequence with an appropriate ratio of

.manlpulat1ons/representatlons can be based on that child's cognitive

structure in that area. (EB)
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Introductiomm

The child whose concepts are in a precoperational stage of
deyelopment in a certain area can use lanauage_to represent
objecté and experiences. 1he child's learning will orozress
througzh direct manlnul stion of UDjaCbe counled with vertal znd
nonverbal repre ent icns of those objects and manipulations,
With increéﬁing experience in that same area the child nav Tass
into a concrzte~operational Stage and becowme able to manipulate
and relate ideas in that area internally without overt menip-

ulations of objects renresented by those ideas, Kewever, these

t

concrete overations o depend on recen’ tly priox concrete-empirical
experiences with thoze objects. \
For the first zrade child, learning in & new arca must in-

volve overt concrete exveriences rom which the new idezs

(abstracticns) will be derived., =Extensions and associations of

\ . .
those abstractions will be made in reference to thoSs proevious -

conecrete experiences. 1In designing instructional materizals twoe

problems are 1) to determine the approvriate type of overt.
"

concrete experisnce in the initial instruction and 2) %o dstermine

whe apnroprinte methods o refer to those concrete experiences

in subsecueut Jn'“ruriwon.

A paver prezaented at the 1nu“1 meeting of {he Wat'owa‘
for Research in Science Teaching., Detroit, kilehiszarn, ar
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Questions Posed

.'\

1. Vhat differences in cencept mastery resdlt from the use of
pictufes or manipulative props as overt concrete experiences in
an initial instructional sequence?

2 'What is the relationship between a c¢child's cognitive
struéture in a conceptuallarea‘and the effectivness—of—pictures
vs manipulative prope in subsequent instruction in that area?
3e If pictures and manipulative proos arc equally effecﬁive in

a certain instance, what other factors will influence wiich

instructional tool to employ?

Proceecdure

Forth nine first grade children were stratified according

to their reading ability and randomly assigned to six groups. 7The

three concepts in which the children would receive instruction
were 1) the amount of electric ehergy'from a battery is directly
related to the amount of light energy observed from the bulb, 2)
the amount of movement_(kinetic) energy of & ball'is directly
reiated té ‘the change that ball can cause in an object which it
strikes, and 3) the amount of movement energy in a hand generétor
is difectly related to ‘the =ount of light enerzy observed from
its bulb.l FPigure 1 shows the treatments given to each group.

In the first unit, the instruction sezment (similar to the
invention step in Science Curriculum Improvement Study, SCIS)

involved either 1) a verbal explanation of the idea that-electric

energy comes from a -battery and changes to light energy in a

buld and the amount of elecfric energy is directly related to-

the amount of light energy observed or 2) that same verbal
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explanation aqcompanied by sinple drawings. The application
segment (similar to the discovery siuep in $CIS) involved either

1) actual manipulation of batterics of different "stenzths" and

a battery tester, or 2) simple drawinas of those batteries being
tested. This same format was followed for the tecond unit of
instruction dealinz with kenetic energy.

All tests were of the interview type modeled after Piaget's

revised clznnceW technijque. The first two units of instruction
occurred in the same session and were followed two weeks.later by
third unit whicn dealt with kinetic energy and light enersgy in

‘a hand generator. In that unit the chlldren_wero given & reminder
of the'previous units. This reminder vook the form of either

1) manipulations-of the actuzl prons gsed in previous units or

2) simple dlaw1ncs of those Props. After the roeminder, the children
operated the hand generator and the verbalbinstfuction only
identified an instance of lzght enerecy and movement ENEraIY .
lThc 1nterv3ew test Wthh ollowed asked the  children to explain
the factor which was responsible fop the degree of brightness

of the bulbs Figure 2 shows the treatments each group received.
Each of the originzl 6 groups was divided (randomly) in half and

each hslf received one of the two treatments in this third unit.

Results
Flgures 3, b, and 5 show the dégree of concept;éttainmenf
of each of the four groups or their subdivisions in each of the
three concent areas,
The conffol groups in rigure j'sﬁowed scme cencept mastery.
but their pre and post test scores were lower than ali-othér grouvs .

The contrel groups in Figure 4 showed much less concevpt attainment




thaﬁ they had in the first unit. In Figure 5 the control groups

again showed very low mastery.

Conclusions:

figure 3 :
a, The relative high scores of the control zroup on ore
and post test indicates that these children entered into
this instructional unit with a noticable amount of mastery.

b. All instructional groups showed substantiatly higher scores
“than the control grcupg but the instruction and apoli-
cation exmericnce treatments resulted in similar
concept attainment, ‘

Figure 4
a's The rclatlvelv low scores oI the control group on pre
and post tests indicates that these nhlldrmn entered -into
this instructional area with a relatively low defrveD of
masterye.

b. The instructional grouns which maninpulated actual objects
in their applicstion experiences showed substantially
higher mastery than the cther zrouvs. Group 3 made a
better showing than grouvd. There seems t0 be an
anzlysis of varisnce type interaction betweéen the type of
instruction and the type of aoulication exverience.,
Although there is nonvpzrallelisn, no striking interaction
(crossing of llnos) ig shovn.,

¢c. The bigger differences bpetween treatment groups shown
in Figure 4 as compared to those shown in Flgurce 3 may
be the result of the different amounts of inference which
the children made about the drawings in those two
instructional areas., In the "a2lectric energy to light
energy" instruction & primary factor was the light
coming  from the bulb, This was ezsily shown in the
drawings. During the pre test the contrel zroup children
were asked to describe the pilctures and their. doscrlwulons
indicated that they perceived tht the drawings shoved
bulbs with different amecunts of light. However, in the
“kinetic energsy” instruction a primary facteor was the
movement of the ball and its impact on the obstacle.
This factor was not as manifest toc the children in the
before~after drawings used in that instruction., The
children werc reauired to infer motion and change from
those. drawings.
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'Figure 5

a, Groun I, showing highest conrept attainment in the
previous units of instruction, Qhowud highest mastery of
the "kinetic cenergy to liaht enorgy" concents, The two
types of reminders had similar influences on Group 1,

be The reminder involving actual mznivulation of objects
: ‘was cuverior to the reminder inv .ving only vpictorial
representations of those objects for groups 3 and 4.
There seemg to be an interaction between the dezaree of
concanpt atbninment and the type of reminder used,
For the child with more knowledsze, a victure may work
a8 well as an actual manipulation in some instances.:

Genepral Conclusions

2. Concepts dealins with enerszy are within the grasp of
these young children., Because this area ol energy is
so imporitznt to our oocioty these concepts should be
dealt with more often in the primary school science
currﬂquum.

b, While the young child's science instruction must not

© be limited to pictures and readine, that instruction rwust
not be exclusively invelved with actual maniialations |
of objects either. Diagnostic placement of a child into
an instructionzl sequence with an.avpropriate ratio of

S manipulsation /rburesontations cen  nhe based on a
4detevm1natlon of that child's covnlilve structure in that
area,

ce Figure 6 speculates the cost effectiveness of various
types of instruction for children of varying cognitive
structures. Cost effectiveness 1s calculated as:

(cost of curriculum materials) + (time and energy to
' impliment materisl)

Concent Mastery

For some concepts, graphics méy serve “the same purpose a3
more elaborate materials for children with a higher
degree of cosnitive {concept) .develortment in that area.
These graphics would then have 2 low cost effectivness.,
But for children with a less developed cognitive struciure
gravnhics would be inferior to mzninulative props. While
the cost of those graphics would be much less than the
other materials, thelir cost effectivness would be very
high for those ¢hildren, The szme would be true, but

in reverse order, for the cost effectivness of manipulgtiye
Prone, :
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o Figure 3. Concent atbpnnmcnt in unit 1 by ehildren receiving
' different instruction and avnlication treatments,
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Figure 5. Concopt attainment in unit 3 by children receiving
. different reminder treatments..
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Figure 6. Cost effectivness of manipulative vprops and graphics
. for lezrners with wvariocus degrees of cognitive

structure in. the area in which these instructional

materials would be used.

e od
RAOSTER I

Coegt
fectivness

BT

™~

y R¥a =
Conecrete
Cperational Cperationsl (plus)

o Cognitive Structure of Learner
‘ERiC‘ - Low - - High

Aruitoxt provided by Eic:



