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Therability to'recognize that a given quant}ty remains invariant
across transformations in size, shape, configuratiOn,_or context is |
. ’ termed consgrvation reasoning: According to Piaget; '"Every notion,, .
whether it be scientific or nmerely a matter of common sense, presupposes
a set of principles of conservation .., . "1,p.3 Piaget's contention is
: that conservation réasoning is a necesgary condition of all rational
thought ., ThE literalure on conservation is extensive and will not be
reviewed hese.**'In general, the ability for individuals to demonstrate .
conservation reasoriing depends to a great extent upon the quantity
.~ -+ (nder consideration. In fact, conservations can be divided into two . .
distinct types of quantditative invariants, the so-called first-order
quantitative fnvarjants (e.g., \pumber, .length, area, weight) anrd the
¢ so-culled second-order qua itgt ve finvariants (e.g., volume, density,
nmomentun, rectilinéar motiopn) Plaget considers the first-order T
conservations indexes of co drete operational thought and the second-
. order_ conserva¥ions indexesJof formal gperational thought. Thid 1is so
because thetlatter presumabdly necessitate the simultareous and ” ' : '
PN ' ¢dordinated applications of two reversibilities (reversal vie
. reciprocity) to observed §ata while the former require only the
* sdccessive a plicatigns of, the two reversibilities (reversal via
. inversion-negation). The simultaneous coordination of the two
»
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Q ** For a lengthy review‘of recent experiments on the development
9 of conservation reasoning, see Brainerd and Allen.? 4
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- ) forms of reverSibi%ity is.what constitutes the centrii acquisition
_//’/ . at the stage of formal operations. . B\ .

' fole as a ptetedﬁisite for rational thought suggests 'that a .
. -, sYrong relationshth should exist betyeen a student's ability to .
demonstrate conservation reasoning and his ability to profit from '
instruction in science. a . . .

] . . b -

This discudsion of conservation reascning and,its hypothesized
|
|
I
|
|

_ The Problem . ( Ao

b - ‘: ' .‘ L] ‘. . ,
/// Law§o-n4 found in samples of high school blology, chegistry and
physics classes, students who were unable to demonstrate formal reascning
on a battery of classical Piagetian tasks, were'also unable to,demonstrate =
understanding of concepts previously designated as "formal operational." ”
! £ ‘The examinations used to assess comcept understanding were nonstandardized

! examinations ‘constructed by« lawson. The aim of the present investigation .
1s to examine, in a sample of high school biology students, the relationship
betweeg ability to cohserve first and second-order quantitative invariants '
and ability to trespond correctly sto questions on published Biological
Sciences Curriculum Study (BSCS) Blue Version ggpminatlogs.5= Oh the basig
"of Plagetian theoty, it was predicted that students who demonstrated
L \ conservation reasoning would perform significantly better on the biology
¢raminations than nonconserving students. Turther, it was ptedfzteg that
nonconservers would mot demonstrate success above the lével of chance on
examination questions previously classified as "formal OPéfatioﬂFl."

Metﬁbd ) '
.. . . . .
' Supjects. “Twenty“three high school students (twénCy males and three
. femaleés), enrolled in an elective biology course which used the BSCS
‘ Blue Vetslgp as a textbook, served as subjects. The subjects ranged in
age from 14.9 to 17.0 years; the medn.age was 15:8 years. IQ data
was not available; however ,?since the course was an elective and co@sidered '
by .the students to be.relatively-difficulgz.it attracted generally atove ,
. average. students. The high school is a mbdern and well equipped facility .
located near Kokomo, Indiana and enrolls apptoxfhately;?OO students:!

L
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Procedure.:Subjeccs were administered three conservatien tasks in
1nd1vidual interviews. The tasks were the conservation of weight, . .
" conservation of volume usintg clay, and volume displacerent. The .
conservation 6f welght task 1s considered to be a first-order guantitative
invariant and, therefore, fpdicates concrete reasoning. The volumesusing '
clay task and the volume displacement task are considered to be second-
order quantfiacfve dnvarjants and, 'therefore, indicators Of early formal
reasonigg. Subsequent to administration of the tasks, the subjects wete )
taught the gegulas course of study for approximately one semester. During ]
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.the semester, six CﬁaptEr enaminations were given by the classroom Tteacher, -
(Chapters six through twelve). Each eIaminatlon consisted of approximately
twenty to thirty questions taken direc ly from the BSCS examination item
book. Prior to selecting items from the BSCS examination item book, all,

the items were judged to require either concrete or formal thought for
successful completion. In most cases about one half of the items selected
for inclusion on the chapter examinatione were classified as ''concrete

questions" and about one half were classified as "formal-questions."
-

Questions were categorized as concrete 1f successful response required
the-student to: . <

vy
L 1. » recall facts; \ i

.

2. relate, make inferences, and draw conclusions from ¢
direct observa%ion or from graphed data,

3. establish one-to-one correSpondences between two_gets
of data;

. " 4. apply a merorized algorithm;

@

'_ 5. understand concepts defined in fterms of familiar ébJect' ,‘

and events. y

%
., .

Questions were categorized as fofmal 1if ‘successful response
required ¢he student to: ‘

L] v '
-

1. reason hypothetically, i e., with the form, 1f..,. then ..."
therefor e; - . {S .
(- . "

2. use theories or idealized models to interpret data; ) .~

~

. . T 4
\\\\_3: evaluate resylts of experiments and rehognize anbiguous
and unambiguojs conditions, f.e., to understand the

netlessity " for the control of variables and, reQOgnxze

. . hidden assumptions; 9 . .
1 ;
&ﬁ_ usé proPoﬁtional or probabilisgi& reaﬁfning; . P
Y . L i ' . .
5! understand concepts defined in terms of, other conltepts,
or through abstract relationships. , S
-‘_.. ‘1 2 . . . . P
Exdmple-of concrete iters T ChaptEr.Six 5, p- 33 . f .
% N . - " N
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The encyme graphed will work best ég a 'temperature of: .
L ] ' .
(D 10°-20% ' .
(b} 20°-30°C ’ . .
L (c¢) 30%-40°C_, " ‘ i
(d) 40°-50°C" . / y ~
Y ¢ . . .
4 . rs - ‘ -
\. The enzyme graphed will work best in» < ‘
(a) an acid medium
. (b) an glkaline_.medium . . Q .
(c¢) a neutral medium S . ,
(d) a carbohydrate medium . o
These ques;:ions require a student to recall information such as the .
. meaning of acid and alﬁcalme “in terms of pH and te dwaw direct conclusions
from graphed data
' . ) ]
Example formal item -+Chapter Seven 35 p‘. 4é
Fiéty pleces of various parts of plants were placed each of fiwve * |
v * sealed containers of equal volume. At the start of the -

periment each

jar contained 250cc of CO,. The amount of COZ in each jar at the end of

two days was as shown in the table, . ’ .
y oo . . .
) Container I;la::lt' Plant Light Tempe'ratur'e o, i
T partt Color . (°C) ‘ (cc) \ .
- — z ,
1 n:xyrtle J leaf red 15 3C0 ) /
2 r*nyréle‘ leaf" | red 27’. ' 50 Je
3] m}rzle a'st:eh-" blue 21 ' 200
o4 & ! oak rogt blue 2‘7 30
3. '~ " oak " leaf ' orange 27 - 1.';0 .
.*‘L , . .

¥

Asﬁume. that the experiment& conditions not listed are identical in
all five containers.

¢
l .
On the basis of the data'in the table, you could properly compare

. the mount of COZ used pet day at two different temperatures by compar-
mgjzpntainers. ¢
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(a) 1 and 2 -
{(b) 1l-and 3
’ (C) 4 and/3 '
(d) 2 and 3

—

&his-quesiion reqhir s 2 student to recognize ambiguous and
unambi guous experimentalZ}onditions, i.e., to understand the necessity
for the control of variables. .
-~ »

P The Conservation Tasks ’ )

¥

Conservat ion of Weight. 6 Two balls of' clay (50-g) were presented to
.the subject (S). After S agreed that they weighed the same, one ball was ,
tranaformed into a pancake shape and.S was asked: "Do the pieces of clay
weigh the same? Does the pancake-shaped piece weigh more? Or does the
ball weigh more?  Why?" Respgnses were scored as correct if S answerid’
that the pieces still weighed the same and justified his belief with -
one of the following arguments: (a) You did not add, or subtract any
clay. (b) They weighed the same before so they still weigh ‘the game.
(c) The "pancake" is flatter but it is also wider so it still weighs
the same. - 4

-

¥

. Conservation of Volume Using Clay.6 The two balls of clay from
the previous task were used. S agreed that two beakers (400-ml)
contained the same amount of water and was asked: ''When the pieces
of clay are placed in the water, will the ball make the water, level
rise more? Will the "pancake’ make the water lewel rise more? Or
will they both make the water level rise the same? Why?" Responses
were scéred as correct if S answered that the pieaes will make the water
level rise the same and justified his belief by saying that it was
because the pieces were equal in size, amount, or volume.

Vo lune D;§placement.7 Two metal %tylinders of equal volume but
different Wweight (18-g and 55-g) were handed S. The equal height

and thickness of the metal cylinders were pointed out. The examiner,
then took the cylinders and lowered the lighter one into one of two’
tést tubes (30-ml) which were partially filled with equal amounts of
water. The rise in.water level was noted and S was asked: '"When the
heavier cylinder is placed into the second "test tube will the water
level rise higher? Will the water ‘level rise lower? Or will the
water level rise the same as in the first test tube? Why? Besponses
were scored correct if the subject said.that the water levels would /
rise the same and justified his belief by saying that it was because
the metal cylinders were: (a) the same size, (b) the samé height,

(¢) the same height and thickness, (d) tooR up the same spage, or,
(e) were equal in volume, ’

e



Group I - No conservation responses.

Group II - Conservation of weight only. . 4

A
On the basis eof combined. responses on the three tasks, students -
were placed into one of four groups as follows:
_Group III - Conservation of weight and conservation of
. volume using clay or correct prediction and
explanation on the volume displacement task.
.Group IV - Conservation of weight; conservation of volume
using clay, and correct prediction and explana-
L tion on the volume displacement task:

Results

Two of the twenty-three students showed no conservation reasoning -
and were placed into Group I. Four students conserved only weilght and
. wvere placed into Group II. Three students conserved weight and volume
using clay while seven students conserved weight and made correct
; predictions and explanations on the volume displacement task. These
. students were placed into Group III. Seven students demonstrated -
. correct reasoning on all three tasks and were placed into Group 1V.
The reliability of the chapter examinations was calculated using the
“Spearman Brown split-half method.8:P-457 The obtained reliability
coefficient was .76 for the combined scores of all six examinationms.
The total number qf exanination items was 149.

. Table I shows each group's percentage of correct responses on
the concrete and formal examination items for the combined chapter
examinations. For both concrete and formal examination items the | .
percentage is larger for the group of students who demonstrated more |

" conservatian responses. Group differences for the concrete questions J
were significant at the .10 level (F3 22= 2.77; p = .07). Group «
differences for the formal questions failed to reach significance '

. at the .10 level (F3,£2 =2.23; p = .12). . o

‘ - ) - o
\ ! » ' Y . .
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, v . . TABLE I
Comparison of Group Mean Scores for e
, Percentage of Correct Responses on the ‘d‘

Concrete and Formal Examination Items

(1,/ Questions sd 0.7 9.0° 15.4 12.2

Table II shows the percentage of correct responses on the
concrete and formal examination items for each group of students
after the percentages have been corrected for chance success.*
Group differences for the concrete itgms after correction for
chance success did not reach significance at the .10 level |
(Fy 99 = 1.59; p = .23),. Group differences for the formal items ‘

* d1d’reach significance (F 22 = 2.95; p % .06). Of particular
interest was the result tgét the nonconserving students (Group I) . .
did not demonstrate success above the leve® of chance on the formal
examination items.

] _ N\ . .
' Group ’ ¢
E - Variable -1 1L i1 W 4F  Prob. ol .
\:> . (n=2) (n=4) (n=10) (n=7) Ratio . -
"Concrete X 44.0  51.0  62.8 - 64.0
R2.77 . .07
Questions sd 8.5 11.5 9.8 12.9 f
Formal % 24.5¢ 32.5  37.1  47.7
: o 2.23 .12
|
|
|

* This correction was performed using the following formula: CP=KP-1

Where CP'= the corrected proportion of correct answers K-1 .
R P = the obtained proportion ] 9 )
K = the number of alternative answers to each item. ] .
- , ' \
S // ~. .




TABLE 1I,

Comparison of Group Mean Scores for = *
Concrete and Formal Examination Items
After Correction for Chance Success

]
Group ' ) , '
Variable I Ii "III "IV F Prob.
(n=2) (n=4) (n=10) (n=7) Ratio ~

o«

LY

Concrete X 25.0 31.0 43.9  46.0

. 1.59 .23
Questions sd 11,3 ‘ 12.8, 14.4 . 19.¢ . &
Formal.' X 0.0 3.8 12.3  22.4
2.95 .06
Questions .sd 0.0. 3.8 10.4 17.2 .

L

»
»

f

Due to the fact that even the Group IV students responded correctly
to such a small percentage of questions (46.0% of the concrete questions
and 22.4% of the formal questions), it was decided to administer an
additional Plagetian task which could assgss higher leveLs of reasoning
than those assessed by the conservation tasks. If the ma ority of
students failed to demonstrate higher levels of reasoning{ this could
provide a possibfe explanation fop the low percentage of success on
the exgminations. According to Plaget, the conservation of volume using
clay task and the volume displacement task measure early formal reasoning.
The task chosen, to measure higher levels of reasoning was the bending
rods task.* This task allows for categorization of responses into early
concrete, late concrete, early formal and fully formal operational levels.
On the basis of responses made on the bending rods task, one student (4.3%)
was classified at the early concrete operational level, eleven students
(47.8%) were classified at the fully concrete operationaL level, nine

»

* The bending rods tasklo tested the S's ability to'identify and control :
variables. Given six flexible metal rods of varying length, diameter,
shape, and materfals which were fastened to a stationary block of
and hanging weights, S was asked to identify variables and demonstrate
proof of the effect of each varidble on ghe amount of bending of the

_ rods. Piagetian level of performance on this task was pssessed on the
basis of the quality of §'s verbal responses and their ability to exhibit
the appropriate behavior. For a more detailed explanation of the task
scoring procedures sée Lawson, Nordland, and De Vito.

[




~10- ’ o
students (39.1%) were classified at the early formal operational level,

and two students (8.77) were classified 'at the fully formal operational
level. One of the two students clessified at the fully formal operational
level on this task was a Group III student, while the other was a Group IV
student. TablaeIII shows the correlations among the four Piagetian tasks
and the concrete and formal examination questions. All correla-

tions were positive and most reached significance (p <.10). The
concrete conservation of welight task correlated more highly with
the concrete éxamination items, while tz: formal bending rods
task correlated more highly with the formal examination items.

f. N

. . / .TABLE III
. Spearman Correlation Coefficients Among Piagetian Tasks
) ] , and Concrete and Formal Exanmination Questions
- Before and After Correction for Chanck Success
Concrete Questions Formal Questions .
Task Before Af ter Before After

Correction Correction Correction Correction

\ Conservation Weight .52 .42 .39 .38 )
Conservation Volume * .28 .2l W42 A0
Volume Displacezent .33 .26 .31 29

" _Bending Rods k. 7 .30 o Y LT

rho =¢,30, p ¢ .10; rho = .36, p< .05 rhp = .49,.p < .01 "

' Discussion

The finding that the majority of students in this sample performed
telow the fully formal o?érational level is similar to results of a
numbey of previqus studies. 2-17 The prediccion that success on the
conservation tasks is positively related to success on the content
examinatiéns was confirmed as was the prediction that students who were
nonconservers of weight (early concrete thinkers) would not demonstrate
success above the level of chance on examination quesfions previously
classified as "formal operational.” This result is supportive of Piaget's
statement that conservation reasoning is a necessary precondition for
abstract thought. It also is supportive of the hypothesis tha;J? student

— ] ' ¢
‘ I
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who exhibits a lack of wonservation reasoning ability is likely to éncounter
., A& great deal of difficulty in science courses which deal with abstract
subJect matter such as the BSCS b’ue 'Version materials.
» »
The fact that a student does QQmonsfrate conservation reasoning
. however, in n¢ way seems to insure hig success in suth a.course. Even
. the best of conservers (Group IV) performed po&rly on the éxaminations.
One CGroup IV student, an fact, showed next to no suctess on the formal
items (27 correct after correction £or chance success). On the other
hand, both Group I students scored above.the level of chance on the formal
items on the chapter six exanination. One student scored 28% correct
while the other scorel 8% correct. Again on chapter eight, ome Group 1
student scored 32% the formal items. Both of these students scokred 0%
on formal items—oT other chapter examinations. This discrepancy, which
is masked by simply looking at the .total percentages in Tables I and II,
suggests a nupber of possibilities: (1) perhaps these items were
) miscfassified (2) perhaps Biaget 1s ndt correct with regard to the
importance of conservatidn reasoning and 1ts general relation to concrete
and formfal thought, or (3) perhaps these students were able to obtain
correct answers sufreptinlously on these éxaminations. I number three
were indeed the case and 1f Piaget were correct it would be hard to fault
these students since it appears that they are being confronted with abstract
' subgect matter presented on a verbal level and expetted to understand it.
Accordlng to Piaget, it is not p05s1ble for such students to develop
. understanding in this manner. |
r-..'t':‘,.,s‘ -. » * |
Thls research suggests that teachers would be well advised 4
to obtain some information about their student's conservation |
. ' abllities and use ‘this informatiOn in naklng decisions about-~ ' |
course content and method of presentation. '. * l
SngpsiS . . !
- ’2 - i
. Twen'ty-three high schopl biology students were individually
admlnistered .three conservation tasks (weight, volume, *volume
displacement), Dyring one semester they were examined over the S
course material using published BSCS examination questions which
- ' were previously classifled as requiring either concyrete or formal .,
* ‘reasoning for successful Lompletion Two predictions were made
and were partially confirmed: (1) *a significant relationship
. exlsts between a student’s abllity to conserve and his level of - .
sutcess on the examination items, (2) noncomserving stddents do
. nof score iove the el of chance success on formdl examination ° T,
items. ’
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