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ABSTRACT

This study presents t h e  case t h a t  a  s h i f t  i s  needed i n  t h e
type and s i t u a t i o n  o f  eduoational  research i n  t h i s  country  i f

pragmatic knowledge o f  educat ive processes w i t h i n  schools i s  t o  be
discovered.

In Chapter One t h e  importance o r  experimentation i n  normal
science f o l l o w s  a  descr ip t ion  o f  t h e  r a t i o n a l ,  e m p i r i c a l  and
pragmatic phi /osophioal  approaches t o  knowledge and c r i t e r i a  t o
dist inguish eduoative processes. I t  i s  then  suggested t h a t  t h e
methodologies o f  t h e  cogn i t i ve  t h e o r i s t s  and exper imental is ts ,
i l l u s t r a t e d  b y  the  work o f  S .  P i a g e t  and t h e  p r i n c i p l e s  o f
psychological t e s t i n g ,  s t a t i s t i o a l  in fe rence  and experimental
design, should be  oombined i n  t h e  s o i e n t i f i c  ana l : fe is  o f  eduoat ive
processes.

I n  Chapter Two t h e  importanoe o f  concepts i n  the  transmission
of  valued knowledge i s  i l l u s t r a t e d  by  experiments on t h e  e f f e c t s
o f  maturat ion and experience on concept development. R e s e a r c h
designed t o  i s o l a t e  oausal  v a r i a b l e s  i n  t h e  transmission process
i s  described and a  study suggested f o r  teachers who wish t o  increase
the e f fec t iveness  o f  t h e  transmission o f  valued knowledge. T h i s
involves t h e  taxonomies o f  Bloom and P iaget  be ing used t o g e t h e r,  t o
give content  and construct  v a l i d i t y  t o  psychological  t e s t s .

Research t o  t e s t  t h e  f e a s i b i l i t y  o f  a  s c i e n t i f i c  i n v e s t i g a t i o n
in to  t h e  transmission o f  valued knowledge w i t h i n  schools i s  g iven
i n  Chapter Three.  T h i s  involves  t h e  use o f  a  p r e - t e s t  p o s t - t e s t
wi th  c o n t r o l  g r o u p  design and a  standardised i n t e r v i e w  t o  ga ther  t h e
data .  T h e  d a t a  i s  prooessed using t h e  ana lys is  o f  covar iance,  and
hypotheses a r e  t e s t e d  t o  de tec t  i f  changes i n  consciousness can be
asoribed t o  experiences arranged f o r  the  p u p i l s .  I n  oono/usion
t  i s  suggested t h a t  teachers  become educat ional  researchers t o

improve t h e  e f fec t iveness  o f  t h e  transmission o f  valued knowledge
through discover ing pragmatio knowledge o f  educat ive processes

wi th in  schools.



ONE

PEI OP EDUOàPIVE PRO

I n d i v i d u a l s  i n  3  r i t a i n  exper ience  e l e v e n  yea rs  c o m p u l s o r y

l i n g  f r o m  a  l i f e  expec tancy  o f  b o u t  7 0  y e a r s  T h i s  d e n i a l
eedom may be  j u s t i f i e d  o n  t h e  grounds t h a t  i t  i s  i n  t h e

i n d i v i d u a l s  i n t e r e s t s  t o  become educa ted ,  I f  a  t e a c h e r  i s  s e r i o u s l y
ncerned t o  p r o v e  t h a t  t h e  exper iences  h e  a r ranges  f o r  h i s  p u p i l s  a r e

f a c t  e d u c a t i v e  he  w i l l  need knowledge o f  e d u c a t i v e  p rocesses .  T o
r i f y  what  i s  meant b y  knowledge o f  e d u o a t i v e  p rocee  e s t  c r i t e r i a  t o
t i n g u i s h  processes a s  edude t i ve  and  t h e  r a t i o n a l '  e m p i r i c a l  and

pragmatics p h i l o s o p h i c a l  approaches t o  knowledge a r e  d e s c r i b e d  b e l o w.

Educat ive processes  may be  d i s t i n g u i s h e d  a s  i n v o l v i n g  t h e
t ransmiss ion  o f  someth ing w o r t h  w h i l e  t o  t h o s e  who a r e  commi t ted  t o
i t ,  some degree o f  c o g n i t i v e  p e r s p e c t i v e  wh i ch  i s  n o t  i n e r t  a n d
c e r t a i n  p rocedures  o f  t r a n s m i s s i o n  a r e  r u l e d  o u t  o n  t h e  g rounds  t h a t
they  l a c k  w i t t i n g n e s s  o n  t h e  p a r t  o f  t h e  p u p i l 2 .  W h e n  a  p rocess  has
been d i s t i n g u i s h e d  a s  l i k e l y  t o  b e  e d u c a t i v e  t h e  r e s e a r c h e r  has t h e
problem o f  d i s c o v e r i n g  knowledge o f  t h e  p r o c e s s .

The concep t  o f  knowledge has  s e v e r a l  i n t e r p r e t a t i o n s  and  t h e
pragmat ic  approach i s  s e l e c t e d  as  more a p p r o p r i a t e  t o  s o l v i n g  t h e
problems posed t h a n  t h e  r a t i o n a l  o r  e m p i r i c a l  f o r  t h e  f o l l o w i n g  reasons ,

The r a t i o n a l i e t 3  accep ts  mathemat ics  f o r  h i s  model a s  t h e  t r u t h s
are g e n e r a l  and  necessary  and  may be  e s t a b l i s h e d  b y  d e d u c t i v e  c h a i n s

l i n k i n g  them w i t h  s e l f  e v i d e n t  b a s i c  t r u t h s .  T h e  e m p i r i c i s t  a c c e p t s
n a t u r a l  s c i e n c e  a s  t h e  model where n a t u r a l  phenomena a r e  r e v e a l e d  b y
exper ience and n o t  d i s c l o s e d  b y  i n t u i t i o n  n o r  a r e  t h e i r  i n t e r -
r e l a t i o n s h i p s  d e r i v a b l e  f r o m  s e l f  e v i d e n t  ax i oms .  T h e  p r a g m a t i s t
s t resses  t h e  expe r imen ta l  c h a r a c t e r  o f  e m p i r i c a l  s c i e n c e  p u t t i n g  g r e a t

emphasis upon t h e  a c t i v e  phases o f  e x p e r i m e n t a t i o n .  I  am u s i n g  t h e
idea o f  expe r imen ta t i on4  n o t  i n  t h e  d e r o g a t i v e  sense used  i n  many

i n s t i t u t i o n s  meaning t o  t r e a t  c h i l d r e n  a s  g u i n e a  p i g s  f o r  any  i n n o v a t i o n
t h a t  comes a l o n g  b u t  t r e a t i n g  t h e  exper imen t  a s  t h e  o n l y  means o f

s e t t l i n g  d i s p u t e s  r e g a r d i n g  e d u c a t i o n a l  p r a c t i c e  a s  t h e  o n l y  way o f
v e r i f y i n g  e d u c a t i o n a l  improvements and a s  t h e  o n l y  way o f  e s t a b l i s h i n g
a c u m u l a t i v e  t r a d i t i o n  i n  wh ioh  improvements c a n  be  i n t r o d u c e d  w i t h o u t

the  f a d d i s h  d i s c a r d  o f  o l d  wisdom i n  f a v o u r  o f  i n f e r i o r  n o v e l t i e s . ;



To solve the problems o f  proving that  experienoes are educative
and discovering conditions which optimise the ef fect ive  transmission
of worthwhile knowledge one must learn  something signif icant a b o u t
the world. T h a t  i s  one must do more than operate log ica l ly  upon
basic truths that  appear to  us s e l f  evident and we must go beyond
reasonable generalisation o f  observed phenomenal patterns i n  our
past experience. F o r  these reasons and the fac t  that  experimentation
involves the active transformation o f  the environment i n  a  manner
dictated by leading ideas put forward i n  response to  problems and
directed toward the resolution of  those problems, the pragmatist i s
considered most l i k e l y  to  discover a solution to  the problems above.
This choice must ult imately be decided as a l l  questions o f  sc ient i f ic
theory are set t led by finding out what theory best f i t s  t h e  knowledge
discovered by experimental research .

Now th is  knowledge may be discovered. may be understood. by
considering what i s  meant by normal science and the methodologies o f
two major theoretical orientations i n  psychology, the cognitive
theorists and experimentalists. A  case w i l l  be presented l a t e r  t
show that  the two methodolgiee must necessarily be combined i n  the scien—
t i f i c  analysis o f  educative processes.

Normal scienoe6means research f i rmly based upon one o r  more past
scient i f ic  achievements.
to empirical knowledge pa
processes o f  controlled i
as those whioh past achiel

This f ac t -gathering research makes a  claim
ly  because i t  involves discovery through
erence. T h e  facts  gathered may be classi f ied
meats have shown to  be part icular ly  revealing

of the nature o f  things, fac ts  concerned with the direct  comparison
with prediction from theory and those which attempt t o  ar t iculate

Theory7 means i n  a l l  empirical sciences the empirical
n of  determinate relat ions between a  set o f  variables

in terms o f  which a  f a i r l y  extensive class o f  empirically ascertainable
regularit ies can be explained.

The pragmatic theory o f  knowledge involves the mind as act ively
solving problems and stresses experimentation as part  o f  the
validating process T h e  two methodologies conoerned with the

theory
formula



mind as aot ivsly solving problems and experimentation' are connected
with the cognitive theorists and experimentaliste respectively'

Cognitive theorists8 are concerned with the developmental
obane8 that  occur i n  thinking and concept formation within the
organism w h i l s t  the experimentaliste have attempted to  develop
edema o f  cognitive a b i l i t y  based solely upon quantifiable

behaviour. T h e  l a t t e r  have used standardised objective tests ,
eophietioa ed exeerimental designs and s ta t i s t i ca l  analyses but

human
a

velop d
ailed

to give unequivocal answers to  the questions to  which they were directed.
I t  i s  hoped to  showlatex' that  these two methodologies must

necessarily be combined i n  the sc ient i f ic  analysis o f  éduoatitre
prooese*e a f t e r  the methods and f inding o f  Jo Piaget a r e  *entreated
with the prinoiples o f  psychological test ing n d  t a t i s i i c a l  inference
used. i n  an experimental study into reeding standardel°

The discoveries o f  the cognitive theorists led by J .  Piaget
may support the olaim that  they have offered a  unif ied comprehensive
theory o f  mental development i n  the normal child8 •

see observation, questiOning and verbalisat
natural ist ic sett ing.  A  b r i e f  description o f  so

of a g e t  on the development o f  eoient i f io  thinking x
of chews and operation, precede some data,  the stage
classif ication o f  the 1  o a l  operations a t  the stage

A sohema11,is a  cognitive structure which has reference t o  a
class o f  s imi lar  action sequences, these sequences o f  necessity being

Their aethodolo
of children i n
important ideas
eluding those
and the
f  formal thoughts

strong-bounded t o t a l i t i e s  i n  which the oonstituent behavioural
elements are t i g h t l y  interrelated.  C o n c e p t s ,  described la te r *  r e f e r
to cognitive structures not necessarily l inked to  actions w h i l s t
echemas r e f e r  to  the motor equivalent o f  a  system of  relat ions and
causeless
t o t a l i t i

When cognitive actions are arranged in to  close-knit
with def in i te  strong structures they are cal led operations,



Pi t 9  c lassi f ies sc ien t i f i c  thinking into three stages with
sub-stages within each stage. I n  stage 1 although children
demonstrate by t h e i r  behaviour that  they know how to  act  i n  the
experimental s i tuat ion sometimes successfully, they never internal ize
thei r  actions as operations, even as concrete operations. B y
*outsets operations he means actions which are integrated with other
actions t o  form general reversible systems. T h e  concrete operations
distinguish stage 2 .  Reasoning  i s  through olass inclusion operations
whioh allow the systematic dist inct ion between *ALL' o r  'SOMMP- by
means o f  the reversible addition A +  A' .7 Sy B  -  A'  =  At which
implies A i s  less than B. A s  a  result  o f  th is  operation the pupils
become sensitive t o  contradiction and by co-ordinating two classes
perceived as d ist inct  can formulate a  double entry table which allows
relational operations. T h e  pupi l 's  logical  apparatus can be viewed
as composed o f  concrete class and re lat ional  operations. I n  contrast
propositional operations which distinguish stage 3  from stage 1  and 2
consist i n  combining various empirical associations on which _
multiplicative classes are based i n  a l l  possible ways. T h i s  type o f
thinking i s  believed to  give r ise  t o  both the deductive capacity f o r
demonstrative reasoning and the experimental capacity f o r  the isolat ion
of the relevant variables as each one may influence the end resu l t .

The data,  stages and classif icat ion which follow i l l u s t r a t e  the
method and some findings o f  Piaget and Inhelder9. T h e  subject's
task was to  predict the stopping points while varying the s ize and
weight o f  the ba l ls  and to  explain the observed movement. T h e
researchers took the assertions and t r i e d  to  reduce them to  logical
formulae to  see i n  which oases the subjects reasoned through
arrangements o f  classes and relationships and i n  whioh oases they
used propositional operations. T h e  assertions have been separated
from the stages and sub-stages whioh Piaget believes charaoterise
the assertions as an example o f  how d i f f i c u l t  i t  i s  to  decide using
l inguisi t ic  c r i t e r i a  into  which stages the assertions should be placed
as i n  many cases language remains impl ic i t  and the subject doss not
disentangle the deta i ls  o f  h is  inference.
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FIG. 7. Conservation of motion in a horizontal plane is demonstrated
with a spring device which launches balls of varying sizes. These roll
on a horizontal plane, and the subjects' are asked to predict their
stopping points.

RA (5 ; 4) tries to prolong or to stop the motion of 'the ball by framing
it with his hands, which are placed parallel to it without touching.
Sometimes the small and sometimes the large balls are supposed to go
the furthest, the first because they are light and the second because
they are-heavy, but when a heavy one does not go far, it is "because
it's too heavy."

BRE' (6 ; 4): 'Wi l l  they all go the same distancer—"No, there are
some that will go further."—"Which onesr—"That one" [small wooden
ball].—"Why?"—"Because it's smaller."—"Are there others which will go
further?"—"That one [also a small .wooden ban  because it's smaller,
and that one" [large, copper].—"Why that one?"—"Because it's bigger,
and that one [large, .aluminum] because it's big." We ask the child
to show where these four balls will stop and he answers: "There [7-8
units for the small wooden ball], because it's srnaller. That one [large,
aluminum] there" [13-14]. The small aluminum ball is also placed at
13-14 as is the small copper one; the large wooden ball at 5-6 "because
it's bigger, and that one there [large, aluminum, at 19-20] because it's
big: This one here [small wooden, at 24] because it's smaller." I t  is
avident that the small ones are expected to go near or far [from 7-8
tO 24] because they are small and the large ones near or far [from g-6
to 19-20] because they are large. Next we ask for explanations, which
we find similar but with a certain note of finality about them: "It didn't
get very far because it didn't have a flag."

MEY (6 ; 8). The little wooden ball "won't go very far because it's
small."—"And that one?" [large wooden ball]—"It can't go very far
because it's big." Then: "The two big ones will go less far because
they're big. T h e  three little ones won't e  as far as the big ones."
pm (7; 6): "Some of them will go further than others."—"Why?"—"This
7ne will go further because it is big and that one less far because it is
mall [the first one is put in motion]. It's less far than I  thought."—
'Whyr—"Because it's heavy."

•
glc (8 ; o): The big one will go further because the little ones have
more weight." And "that, one won't go as far because .it's big, heavy,
2nd made of iron."

liCAL (8 ; 3): "The big ones won't go as far because the little ones are
righter." When a ball comes to rest close to the starting point: "It's
because it is heavier than I thought" and, comparing a small copper
ball to a large aluminum one, "They go to the same place because they
lave the same weight."
EIOR (8; 6): "This one [large, aluminum] will go further because it is
heavy" [force itself is tied to the weight]. She rolls the copper ball; "It
doesn't go as far because it is small."—"And the other?"—"/ didn't push
it hard enough." Next the large wooden ball; I t  will go all the troy to
the bottom because it's light."

pa) (lo years), referring to a zone of dispersion of about 2o cm., says
of one ball, "It is too heavy to go any further" [than the extreme point]
but at the same time "it is too light" to come to rest before the zone.

?AL (12 ; 3): "For a ball to go far?"—"You have to pull the trigger
[spring] hard" [experiment]. "So, why didn't i t  go further?"—"Yes,
but it's a bad stretch [plane insufficiently smooth]; it won't go so far."

CHAP (13 ; 3) predicts that the large ones will go further because they
are heavier. After the experiment, he reverses his explanation.—"Why
do the light ones go further?"—"It depends on whether there is wind."
—"What?"—"It's the wind =  air] that stops them from going on.
When there isn't any wind, the light ones go far because nothing stops
them."—"And the heavy ones?"—"/ don't know."

MET (13 ; 3): "The air keeps it back and it doesn't go as far."
•,

DEV (14 ; 6) from the first experiment [large wooden ball]: "It stopped
because the air resists."—"And this one?" [a small wooden ball, pre-
diction].—"It's about the same, but the ball is mailer: there is less re-
sistance from the air and it will go further."—"Is it the same for all of
the balls?"—"No, the bigger they are, the stronger the air resistance."
—"And for the small, heavy one?"—"A heavier ball takes off less easily,
but goes further because i t  has force in itself' [weight .= force!].—
[Experiment l "So?"—"That comes from the surface and the friction.
The resistance varies with the substance the balls are made of: the
wood is rougher, it scrapes more; the metal balls are smooth and will
scrape less."—[Experiment: small aluminum and large wood.]—"Air

resistance is proportional to size and weight [I]."—"And if you corn.
pare this large aluminum ball with the small brass one?"—"Ohl No,
they take off with the same force. Only air resistance and friction come
into play. T h i s  ball [brass] is heavier and there will be more
friction." Conclusion: "And i f  there were no air resistance, the bali
would continue to roll."

11AS (14 ; 4) "Theoretically it should go to the end, but it's completelt
illogical" [he means by illogical that which is contrary to the facts 0
direct experience]. Comparing a small and a large ball, he says again
"The friction is less for the little one. Air resistance also plays a role
Theoretically, you would have to move it in a vacuum."

DESE1 (14 ; 9): "If you send them off with a push of the same strength
It [resting point] depends on weight, friction, and volume." Next,
doubts that volume plays any role, blut in comparing a small and,
large ball, he says: "The small one Will go better because it has le
friction, less air resistance."—"That's all?"—"If it's truly horizontal."



Stage I. Absene of the Operations Necessary for
an Objective Account of the Experiment and the
Use of Contradictory Explanations

he very young subjects react to this experiment as they react to
ae problem of floating bodies tamp. w i t h  a group of
recausal predictions and explanations possessing certain regu-
rities but mutually contradictory: the light balls will go further
ecause they are easier to set in motion and the large ones because
ley are stronger; or there is no, linotion without force (the force
siding in the moving' body or the force of the mover) and the
Lotion stops of itself by extinction of the force imparted by the
itial push, by fatigue, or by a tendency to rest.
The contradictions among the predictions bear witness to the
)sence of any law in the child's mind. His explanations do not
thieve a greater coherence but relate all types of motion to a sort
' animated force.

Substage II-A. Attempts to Elirizinate Contradictions
and Corrections after the Experiment

[though the conservation of motion may not always be seen (the
otion is regarded as being due to a force in the Aristotelian
nse, and the cessation of movement is spontaneous) and al-
ough the predictions are based on variable factors (false or
arect), henceforth there is a certain internal consistency in the
sertions as well as in the utilization of experimental results:
But the difficulty with an explanation in terms of force, such as
;ed at this level, is still that of reconciling the force with which
he object is launched with the force of the moving body and
Lnder conditions when the latter is heavy and when it is lietat.
In spite of the effort to eliminate them, a residue of contradic-
ms is left from the fact that the heavy balls have a greater force
hen in motion but are less easily set in motion, whereas the light
Les have less force but are more easily launched.

Substage 11-13. The Beginning of the Reversal of
the Problem in the Direction of the Causes of Slow-
ing Down

ae explanations used at this level are not different from the pre-
ding ones, in spite of the increasing but fruitless effort to way
e factors. However, since the child is increasingly sensitive to,
Lance variation in the results, he exhibits a tendency to reverse
e problem and to explain the causes of the slowing down rather
an the cause of motion. He is not aware of this tendency. More
rticularly, little by little weight ceases to be perceived as a
use of motion and comes to be thought of as the (indirect) cause
the balls' coming to rest. Moreover, to the extent that subjects
Lderstand that the variability nf the stopping points is due to
e factors of volume, weight, and force of launching, they are
ore likely to think that weight and volume have a braking effect
d even less likely to maintain that light weight and small size
e causes of the prolongation of motion. These two kinds of
sertions seem to be equivalent; the following will show that this
not true in the least:

This kind of assertion shows Clearly that the subject tends to
invert the problem of motion. But he is that much less likely to
suspect that his explanations remain the same as at substage II-A.
In particular, he thinks of the air as promoting the motion by
current backlash (avrorep(arauLC) rather than as an obstacle.

§ Substage E x p l i c i t  Reversal of the Problem
of Motion During the Experiment

The great difference between this level and the preceding ones
is that from this point on the objective of the explanation is re-
versed; the problem is no longer to understand why the ball
advances but what blocks its movement at a given moment.

As we have just seen, this reversal begins in substage II-B, but
unconsciously. In contrast, although at first the III-B subjects are
preoccupied in their predictions with motion, the experiment
immediately leads them to focus the6 attention on the causes of
the balls' slowing down or stopping. Thus, for these subjects the
cessation of motion is no longer a positive state, the repose or
aim of movement; instead, i t  becomes a negative state which
must be explained by the intervention of new factors working
in opposition to the positive state of motion.

Thus, starting with substage I I I -A, subjects touch on two
causes of the cessation of motion: friction (terrain) and air resist-
ance.

Without doubt the progress involved in reversing the explana-
tion is due to the need to unify nascent formal thought. Since
neither weight nor volume are causes of motion and (in contrast
to explanations based on this conception) the ball goes further in
proportion as it is both small and light, it follows that there is
no simple cause for the continuation of motion. But it is more
difficult to acknowledge multiple causes for motion itself (which
may be considered the prototype of any simple phenomenon)
than for the factors relating to the cessation of motion. However,
even here the subject begins by looking for a unified explanation.
He does so in spite of having seen the spread in results and chance
fluctuations, which themselves were one of the reasons for his
reversal of the question. That is why he does not succeed at first
in this new line of attack. Time after time he fails to determine
all the relevant variables simultaneously. Thus, CHAP discovers
the factor of air resistance but fails to think of the friction for the
heavy balls:1qm. does the opposite, etc.

§• Substage 111-B. Conservation of .Motion
Finally, substage I I I -B leads to the fundamental explanation
which results from the reversal of the positions taken at substap

the conservation of motion by inertia. I t  should be said
that all of the, subjects do not solve the problem. Naturally, cul-
ture plays its diffuse role here. (Society had to wait for Galileo
and Descartes:with the "intellectual mutation," as A. Koyre called
it., which resulted from their discovery.) But for certain subjects
the rediscovery of the principle of inertia seems quite spontane-
ous, whereas for others there is, at least, a personal reconstruction
of what they had learned: -



The protocols show that the reasoning which leads to the con-
rvation of motion is extremely simple and is furnished in the
ost explicit form by DEV. The first stage consists of establishing
,e causes of the ,balls' slowing down or stopping. If we let p be
e statement concerning slowing down or stopping, and let
r, s, t, etc., be statements of friction or air resistance, irregu-

rities of the track, of an eventual lack of (perfect) horizontality,
c., then:

p D ( c i v r v a v t v .  . ) .  ( 1 )

Inversely, at the second stage the subject asks himself what
ould be the result of the negation of all of these factors, this
gation implying a corresponding negation of statement p, that
slowing down. This is equivalent to the assertion of the con-

mation of motion:

(2)
It is interesting to compare this form of conservation, which is
ecific to formal thinking, with numerous concrete forms of con-
rvation (wholes, lengths, weights, etc.; conservation of volume
id surface area imply formal thought only because of the pro-
)rtions). In both cases, conservation is achieved because of the
de played by reversible operations (reversible by inversion or
.gation). When a modification arises as the result of the experi-
ental actions, they allow a correction to be made for it by a
ansformation in the opposite direction (and thus a return to the
.111 transformation). But in the case of concrete thinking this
[verse transformation, even if it occurs only mentally, is of the
me order as experimental modifications which alter the system
ad could in fact be carried out by the subject. For example,
le transformation of a stretched-out section of modeling clay can
3 annulled by pushing it into a more compact mass, for what the
ject has gained in length it has lost in thickness. Thus it is pos-

ble to restore it by actions involving inverse modifications.
In contrast, in the case of the conservation of motion, opera-
onal reversibility occurs at the mental level only and does not
mrespond to any transformation which can be realized in full
y the subject even in a laboratory situation. Even if one could
liminate all the causes of slowing down (though i t  is in fact
npossible), one would still have to make use of an infinite ilount
E space and time to verify the principle of inertia completely.
revertheless, the substage I I I -B subject manages to discard
ientally the causes of stopping by thinking in terms of what is
aeoretically possible (but which cannot occur in fact) or, in
ther words, in terms of purely hypothetico-deductiveimplica-

Having done this, once' more a reversible operatien—(1) and
(2)--suffices; here it is the counterposition (equivalence of p
and (7 Dp), but in this case it rests on the double negation of

vr  v . )  resulting in (p.ii•P. . )  (thus of p or q  or
r .  resul t ing in neither p nor q nor r . )  and of p result-
ing in p.

One may, if one wishes, say that this reversibility comes back
to the famous principle tollitur causa, tout effectus, but on the
one hand in order to eliminate the causes in the particular case
the subject must think in terms of what is theoretically possible;
on the other hand, since these causes cannot be eliminated in fact,
the operation amounts to inverting an implication to give its con-
verse by changing signs. Thus, the subject is proceeding on the
basis of pure implications and no longer on the basis of trans-
formations which can actually be effected.

We now see both the similarity and the differences between
the several forms of conservation: all are based on a group prin-
ciple (which is qualitative or logical before becoming quantita-
tive or metrical), but conservation may be achieved either by
concrete operations of classes and relations' (or at an even earlier
stage by the' integration of parts into a whole object) or, as at the
formal stage, by the use of interpropositional operations alone.
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The above methodology and d iscover ies  o f  t h e  c  g n i t  v  h e o  t s
may be contrasted w i t h  t h e  methodology o f  t h e  exper imenta l is ts  b y
considering the  p r i n c i p l e s  o f  psychological  t e s t i n g ,  s t a t i s t i c a l
inference and experimental  design used i n  a  study i n t o  read ing
standards.

A psychological  t e s t  i s  e s s e n t i a l l y s t a n d a r d i z e d ,  and o b j e c t i v e
measure o f  a  sample o f  behaviour12. S t a n d a r d i z a t i o n  impl ies
uni formity  o f  procedure i n  administer ing and soor ing t h e  t e s t .  T h e
object ive  eva lua t ion  involves p r i m a r i l y  the  determinat ion o f  t h e
r e l i a b i l i t y  and v a l i d i t y  o f  the  t e s t  i n  a  specif ied,  s i t u a t i o n .  T h e
r e l i a b i l i t y  o f  a  t e s t  can be measured using t h e  consistency o f  t e s t
scores between one admin is t ra t ion  o f  a  t e s t  and t h e  n e x t .  O n e
method o f  determining t h e  r e l i a b i l i t y  uses t h e  i n t e r n a l  consistency o f
the t e s t  b y  whioh each i t e m  i s  considered as  a s s i s t i n g  toward t h e  f i n a l
rank o rder  t o  a  degree dependent on i t s  own var iance .  A  h igh
r e l i a b i l i t y  i n  t h e  measuring instrument i s  important  when one wishes
to a t t r i b u t e  changes i n  a  dependent v a r i a b l e  t o  another  v a r i a b l e
independent o f  t h e  measuring instrument .  A  t e s t  may, however,  b e
r e l i a b l e  b u t  f a i l  t o  measure what i t  i s  requ i red  t o  measure* T h i s
property o f  a  t e s t  i s  i t s  v a l i d i t y ,  and p r e d i c t i v e  c o n c u r r e n t ,
content and construct  v a l i d i t y  have been dist inguished13 . P r e d i c t i v e
v a l i d i t y  asks i f  t e s t  scores p r e d i c t  f u t u r e  performance and i t s
pr ino ipa l  use i s  f o r  se lec t ion  and c l a s s i f i c a t i o n  d e c i s i o n s .
Concurrent v a l i d i t y  asks i f  t e s t  scores permi t  a n  est imate  o f  a  present
performance and i s  used on t e s t s  intended as  subs t i tu tes  f o r  l e s s
convenient procedures. C o n t e n t  v a l i d i t y  asks i f  t h e  t e s t  g i v e s  a
f a i r  measure o f  performance on some important  s e t  o f  tasks  and i s  used
f o r  achievement t e s t s .  C o n s t r u c t  v a l i d i t y  asks how t h e  scores o f
tests  can be expla ined psychologica l ly  and t h i s  i s  used f o r  descr ip -
t ions o r  s c i e n t i f i c  r e s e a r c h .  T h e  importanoe o f  content and
conetruct v a l i d i t y  f o r  psychological t e s t s  used t o  i n v e s t i g a t e
eduoative processes w i l l  be  discussed i n  Chapter Two when i t  w i l l  be

suggested t h a t  B l o o m ' s "  taxonomy app l ied  t o  t h e  conceptual develop..

merit o f  a  subject  and P iage t ,s9  c l a s s i f i c a t i o n  o f  psychological
development should be app l i ed  toge ther  i n  research designed t o
i s o l a t e  causal  v a r i a b l e s  i n  educat ive processes,



The d a t a  ga the red  f r o m  p s y c h o l o g i c a l  t e s t s  i s  o f t e n  processed
us ing s t a t i s t i c a l  a n a l y s i s  f r o m  wh ich  i n f e r e n c e s  a r e  made a b o u t  t h e
s i g n i f i c a n c e  o f  t h e  d a t a .  S t a t i s t i c a l  a n a l y s i s 1 5  i n v o l v e s  making

assumpt ions, o b t a i n i n g  a  samp l ing  d i s t r i b u t i o n ,  s e l e c t i n g  a
s i g n i f i c a n c e  l e v e l  and  comput ing  t h e  t e s t  s t a t i s t i c .  I n f e r e n c e s
are o f t e n  drawn abou t  t h e  e m p i r i c a l  d a t a  f r o m  t h e  r e s u l t s  o f  t h e s e
t e s t s .

The b a s i c  assumpt ion  o r  model wh i ch  i s  accepted  when c a r r y
one i m p o r t a n t  s t a t i e t i o a l  a n a l y s i s  i s  t h a t  any  p u p i l ' s  s c o r e

can be  rega rded  a s  made u p  o f  t h r e e  p a r t s ,  a  p a r t  common t o  a l l
s c o r e s  a  p a r t  c h a r a c t e r i s t i c  o f  t h e  p a r t i c u l a r  method and  a  p a r t
c h a r a c t e r i s t i c  o f  t h e  p a r t i c u l a r  p u p i l s ,  a l l  o f  wh ich  a r e  assumed t o
be independent  and  a d d i t i v e .  F r o m  t h e  assumpt ions a  samp l ing
d i s t r i b u t i o n  may be  o b t a i n e d  b y  p u r e l y  mathemat ica l  r e a s o n i n g .  F r o m
t h i s  d i s t r i b u t i o n  t h e  e x a c t  p r o b a b i l i t i e s  t h a t  c e r t a i n  outcomes w i l l
occur  i f  t h e  assumpt ions a r e  a c t u a l l y  t r u e  c a n  be  de te rm ined .  T h e
p r o b a b i l i t y  f  o b t a i n i n g  t h e  b e s t  s t a t i s i t i o p  w h i c h  i s  o b t a i n e d  f r o m
the d a t a '  i s  u s u a l l y  de te rmined  and i f  t h e r e  i s  a  one i n  a  hundred
chance o f  o b t a i n i n g  t h i s  r e s u l t  b y  chance a l o n e  i t  may be  d e c i d e d
t h a t  f a c t o r s  o t h e r  t h a n  chance a r e  o p e r a t i n g .  I t  i s  i m p o r t a n t  t o
r e a l i s e  t h a t  no  oausa l  c o n n e c t i o n  i s  n e c e s s a r i l y  imp l ied ,  i n  t h i s
a n a l y s i s .  T h e  r e l a t i o n s h i p s  d i s c o v e r e d  a r e  i n  t e rms  o f  mathemat ica l
f u n c t i o n s  and  i t  i s  t h e  e x p e r i m e n t e r  who i n f e r s  c a u s a l  r e l a t i o n s h i p s
from the processed data.

I n  exper iments  des igned  t o  i s o l a t e  and  q u a n t i f y  c a u s a l  v a r i a b l e s ,

i t  i s  u s u a l  t o  measure t h e  e f f e c t  o f  a n  independent  v a r i a b l e  o n  a
dependent v a r i a b l e .  A  t r u e  experiment4 i s  des igned w i t h  a  c o n t r o l

group where t h e  cons tancy  o f  t h e  independent  v a r i a b l e s  a l l o w s  t h e
unambiguous ass ignment  o f  d i f f e r e n c e s  observed  i n  t h e  dependent
v a r i a b l e s  t o  a n  independent  v a r i a b l e  i n  t h e  t reatment  g r o u p ,  w i t h i n

the l i m i t s  o f  expe r imen ta l  e r r o r .  T h e  equ i va l ence  o f  t h e  g roups  a t
the  b e g i n n i n g  o f  an  experiment s h o u l d  be  ensured  b y  t h e  random
a l l o c a t i o n  o f  p u p i l s ,  methods t e a c h e r s ,  s c h o o l s  e t a ,  t o  t h e i r  g roups .
Th i s  may be a  l e s s  t h a n  p e r f e c t  way o f  e n s u r i n g  equ i va lence  b u t  i t

i s  t h e  b e s t  we have .



The p r a c t i c a l  a p p l i o e t i o n  o f  t h e  methods o u t l i n e d  above i s
i l l u s t r a t e d  b y  t h e  f o l l o w i n g  r e c e n t  r e s e a r c h  whose a i m  was t o
measure reaci izjg s tanda rds  and  t o  compare theses s tanda rds  w i t h  t h e
r e s u l t s  f r o m  p r e v i o u s  su rveys *  T h e  c o m p l e x i t y  o f  t h e  e x p e r i m e n t a l
des ign and samp l ing  p rocedure  may b e  i n f e r r e d  f r o m  t h e  f o l l o w i n g

e x t r a c t .
'Now we a d  a  sample o f  c  l d r e n  d e r i v e d  b y  second s t a g e

sampling f r a c t i o n  f r o m  a  s a m p l e  o f  s c h o o l s  d e r i v e d  b y  f i r s t  s t a g e
sampling f r a c t i o n  f r o m  a  s t r a t i f i e d  p o p u l a t i o n  o f  t h e  s c h o o l s  i n
the ma in ta ined  and d i r e c t  g r a n t  s e c t o r  o f  o u r  e d u o a t i o n a l  sys tem.
By w o r k i n g  backwards f r o m  t h e  c h i l d r e n ' s  sco res  t h r o u g h  t h e  seoond
stage (XIMpl:,AIC f r e o t i o n  ( i n  t h i s  d i r e c t i o n  o f t e n  c a l l e d  w e i g h t i n g s )
we can  make e s t i m a t e s  abou t  ach ievements  o f  c h i l d r e n  i n  s o h o o l s  o f
d i f f e r e n t  t y p e  and s i z e *  F u r t h e r ,  b y  wo rk ing  backwards f r o m  t h i s
l e v e l  t h r o u g h  t h e  f i r s t  s t a g e  samp l ing  f r a c t i o n  we can  make e s t i m a t e s
o f  n a t i o n a l  l e v e l s  o f  r e a d i n g  comprehension o f  c h i l d r e n  i n  t h e
c o u n t r y ' s  s o h o o l s " 1 ° .

The ' 4 a t t s  Vernon and N a t i o n a l  Survey  Form 6 ,  ( t w o  s i l e n t
read ing comprehension t e s t s )  we re  used  t o  assess  r e a d i n g  stands,
The Wa t t s  Vernon t e s t  i s  2 3  y e a r s  o l d  w i t h  a  r e l i a b i l i t y  o f  . 9 0 .
There a r e  4 3  i t e m s  and i t  t a k e s  1 0  m inu tes  t o  a d m i n i s t e r .  T h e  I fn  6
i s  1 6  y e a r s  o l d  w i t h  a  r e l i a b i l i t y  o f  . 9 4 .  I t  c o n s i s t s  o f  6 0  i t e m s
and t a k e s  2 0  m inu tes  t o  a d m i n i s t e r .  T h e  i t e m s  o f  b o t h  t e e t s  c o n s i s t
o f  a  sentence  w i t h  one word  m i e s i n g  and t h e  p u p i l  i s  r eques ted  t o
p i c k  t h e  one  word o u t  o f  a  c h o i c e  o f  f i v e  t h a t  makes t h e  sea tence
s e n s i b l e .

From t h e  ev idence  o o l l e c t e d  i t  was suggeeted t h a t  a  d r o p  i n
read ing  s tandarde  had o c c u r r e d  between 1964 t o  1 9 11 .  T h e r e  was
some d i f f i o u l t y  i n  i n t e r p r e t i n g  t h e  r e s u l t s  a s  o v e r  a  e u a r t e r  o f
the sohoo le  randomly  a l l o c a t e d  t o  t e s t i n g  g roups  d i d  n o t  t a k e  p e r t
i n  t h e  e x p e r i m e n t .  I t  i s  a l s o  p o i n t e d  o u t  t h a t  much o f  t h e  d i s o n e s i o n
about t h e  r e s u l t s  hinges, o n  t h e  a p p r o p r i a t e n e s s  o f  t h e  measures o f
read ing comprehension and t h e  a u t h o r  emphasizes t h a t  t h e  t e s t s  were
used n o t  a s  a  means o f  making judgements  a b o u t  i n d i v i d u a l s  b u t  t o

assess changes i n  s tanda rds  o f  who le  p o p u l a t i o n s .



I t  i s  hoped t h a t  t h e  ae thodo log ies  and  f i n d i n g s  d e s c r i b e d  abeve

i l l u s t r a t e  t h e  d i f f e r e n c e  between t h e  methodo log ies  o f  t h e  c o g n i t i v e
t h e o r i s t s  and e x p e r i m e n t a l i s t s .  B y  e x p e r i m e n t a l i s t s  I  am s i m p l y
r e f e r r i n g  t o  r e s e a r c h e r s  who employ  t h e  p r i n c i p l e s  o f  p s y c h o l o g i c a l
t e s t i n g ,  s t a t i s t i c a l  i n f e r e n c e  and  expe r imen ta l  d e s i g n  i n  t h e i r

s t ud ies  o f  e d u c a t i v e  p rocesses .  U n f o r t u n a t e l y  t h e r e  has  been no
n a t i o n a l  s t u d y  i n t o  s c i e n t i f i c  t h i n k i n g  u s i n g  t h e  e x p e r i m e n t a l i s t s

methodology t o  c o n t r a s t  w i t h  t h e  f i n d i n g s  o f  c o g n i t i v e  t h e o r i s t s ,
who s t r e s s  t h e  mind a s  a c t i v e l y  s o l v i n g  prob lems.  T h e  e l i m i n a t i o n  o f
the concep t  o f  mind f r o m  much contemporary  psycho logy5 i s  a  m a t t e r  o f

ft,concern t o  t h i s  r e s e a r c h e r  who f o l l o w s  B u r t ' s  o p i n i o n  t h a t  t h e
d i f f i c u l t i e s  a b o u t  consc iousness  a r i s e  o u t  o f  t a l k i n g  abou t  i t  a s  i f

i t  were  a  substanoe o r  a t t r i b u t e  r a t h e r t h a n  a s  r e l a t i o n ,  F o r  t h e
s c i e n t i s t  t h e r e  s h o u l d  be  n o  d o u b t  t h a t  t h e  p rob lem o f  i n t e r a c t i o n  o f
mind and  m a t t e r  i s  a  r e a l  p rob lem and n o t  a  pseudo prob lem a r i s i n g
out  o f  c o n f u s i o n  i n  t h e  use  o f  words ,  U l t i m a t e l y ,  however,  a s
s t a t e d  p r e v i o u s l y,  t h i s  must  b e  s e t t l e d  b y  expe r imen ta l  r e s e a r c h ,
I t  w i l l  now be  a rgued  t h a t  s c i e n t i f i c )  r e s e a r c h  i n t o  e d u c a t i v e  p rocesses
i m p l i e s  t h e  use  o f  b o t h  t h e  above methodo log ies .  E d u c a t i v e  p rocesses
w i t h i n  s c h o o l s  i n v o l v e  t h e  t r a n s m i s s i o n  o f  v a l u e d  knowledge t o
c h i l d r e n  and a d o l e s c e n t s .  T e a c h e r s  a t t e m p t  t o  a r r a n g e  expe r i ences
f o r  t h e  c h i l d  wh i ch  enab le  v a l u e d  knowledge t o  b e  c o n s t r u c t e d  b y
the c h i l d .  R e s e a r c h e r s  need t o  assess  t h e s e  meanings g i v e n  t o
exper iences b y  t h e  c h i l d  i f  t h e y  a r e  t o  p r o v e  t h e  expe r iences  a r e
educat ive  and  w i s h  t o  o p t i m i s e  t h e  e f f e c t i v e n e s s  o f  t h e  t r a n s m i s s i o n

process.  T h e  c o g n i t i v e  t h e o r i s t s  emphasize t h e  meanings g i v e n  b y
the c h i l d  t o  h i s  exper iences  and  t h e i r  f i n d i n g s  c o u l d  be  used  t o  g i v e
c o n s t r u c t  v a l i d i t y  t o  t h e  t e s t s .  A  method o f  g i v i n g  c o n t e n t  and
c o n s t r u c t  v a l i d i t y  t o  t h e  t e s t s  i s  d e s c r i b e d  i n  Chap te r  Two.

To show t h a t  t h e  independent  v a r i a b l e s ,  t h a t  i s l  t h e  expe r iences
arranged b y  t h e  t e a o h e r l  a f f e c t  t h e  dependent  v a r i a b l e s ,  i . e .  t h e

meanings c o n s t r u c t e d  b y  t h e  o h i l d ,  one  needs t h e  methodology o f  t h e

e x p e r i m e n t a l i s t s .  T h e  methodology o f  t h e  c o g n i t i v e  t h e o r i s t s  i s
needed t o  d e t e c t  and  measure changes i n  t h e  s t a t e  o f  consc iousness
w h i l s t  t h e  methodology o f  t h e  e x p e r i m e n t a l i s t s  c a n  a s c r i b e  changes

i n  consc iousness  t o  independent  v a r i a b l e s  w i t h i n  known l i m i t s  o f

e r r o r .
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Both methodo log ies  a r e  t h u s  needed i n  t h e  s c i e n t i f i c  a n a l y s i s
o f  e d u c a t i v e  p rocesses .

The f o l l o w i n g  c h a p t e r  c o n s i d e r s  r e s e a r c h  i n t o  t h e  t r a n s m i s s i o n
o f  v a l u e d  knowledge and  a  s t u d y  i s  suggested wh ich  would  combine
both  methodo log ies  i n  t h e  a n a l y s i s  o f  t r a n s m i s s i o n  p rocesses .
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In  schools enowledge i s  o f t e n  transmetted through subjects
which may be grouped w i t h i n  moral* h i s t o r i o a l ,  a thema t i ca ip
s c i e n t i f i c  and aesthet io  forms o f  knowledge d iet ineuiehable  by
t h e i r  frameworks, concepts and methods o f  va l ida t ion17.  T h e  f a c t
th t  o  l i t t l e  i s  known about t he  format ion o f  r e l a t i o n a l  concepts
which are  t he  bases o f  so i  n t i f i o  t h i n k i n g  has recen t l y  puzzled the
eohoele Counci l le  . P r e s e n t  knowledge o f  now s c i e n t i f i c  concepts
develop i s  i l l u s t r a t e d  by the  experiments which f o l l o w  the  b r i e f
analysis o f  what i s  meant by  a  concept.

Underetanding what i t  i s  t o  have a  concept covers both t he
experience o f  grasping a  p r i n c i p l e  and the  a b i l i t y  t o  d iscr iminate
Altt use words oorreot ly19 This pu ts  emphasis on phi losophy as

an a c t i v i t y  which must be l e a r n t  and understood. I t  i s  no t
considered as t he  exp l i ca t i on  o f  the  p r i n c i p l e s  through language bu t
ra ther  the experiencing o f  thec i n  ac t i on  i n  language. A  ooncept 20
enablesa person t o  r e l a t e  previous lea rn ing  t o  cu r ren t  s i t u a t i o n s
ar is ing  w i t h i n  the  persons present experience and they  are  formed21
as a  r e s u l t  o f  the  percept ion o f  the  common q u a l i t i e s  o r  aspects o f
re lated ob jec ts ,  mete r ia ls  o r  pheno ena. A n  example may he lp  t o
d is t ingu ish  between a  concept and the  connected no t ion  o f  a  percept .
The harvest  moon near the  hor izon appears much l a r g e r  than the  moon
seen h igh  i n  the  sky.  W e  perceive t he  difference) but  t h e  concept
o f  invar iance enables us t o  judge the  s i z e  o f  ob jects  and t he  moon
i s  no t  thought t o  change s i  e  j u s t  because i t  appears t o  do s o .  T h e
method o f  analysing re la ted  concepts o f t en  helps t o  c l a r i f y  t he
concepts w i t h  which one i s  p r i m a r i l y  concerned. W h e n  one i s  c l e a r
about what i s  meant by  a  concept i t  i s  o f t e n  use fu l  t o  de tec t  t he
state o f  format ion o f  concepts and t o  i nves t i ga te  methods which
might accelerate  t h e i r  development. S e v e r a l  o f  the  experiments below
i l l u s t r a t e  these problems.

The s ta te  o f  format ion o t a l  concepts o f  matter!,
weight , longth r e a l ,  volume, 1  v e l o c i t y,  phys ica l  causa l i t y
and l o g i c a l  t i n b . ñ g  necessary t o  understand the  s c i e n t i f i c  na tu re
o f  th ings  has been detected by conservat ion experiments11. I n  these
experiments the  form o f  a  l i q u i d  o r  ob ject  i s  changed o r  displaced and
questions asked t o  see i f  the  c h i l d  has conserved the  q u a n t i t y.



Piaget  a t t a c h e s  p r i m a r y  impor tance  t o  c o n s e r v a t i o n  and has  d e s c r i b e d
i t  a s  a  necessary  c o n d i t i o n  f o r  a l l  r a t i o n a l  a c t i v i t y .  T h e  f o l l o w i n g
s tud ies  were under taken  t o  d e t e c t  t h e  e f f e c t s  o f  m a t u r a t i o n  and
exper ience o n  t h e  development o f  s c i e n t i f i c  c o n c e p t s .

Deutsche22 s t u d i e d  700 C h i l d r e n  between t h e  ages  o f  8  and 1 6 .
They were asked q u e s t i o n s  based upon t h o s e  used  b y  P i a g e t  t o  i n v e s t i g a t e

usa l  r e l a t i o n s .  S h e  b e l i e v e d  t h a t  t h e  c h i l d r e n  gave more
r i a l i s t i o  e x p l a n a t i o n s  a s  t h e y  became o l d e r  because o f  t u i t i o n a l

r i e n t i a l  f a c t o r s  r e l a t i n g  t o  s c h o o l i n g  r a t h e r  t h a n  m a t u r a t i o n .
n  K i n g ' s 2 3  s t u d y  o f  t h e  s c i e n t i f i c  c o n c e p t s  o f  e h i l d r e n

between t h e  ages o f  5  -  12  he  found t h a t  q u e s t i o n s  concerned w i t h
volume w e i g h t  conservat ion d i d  n o t  show an  i n c r e a s e  i n  p e r f o r m -
ance w i t h  age w h i l s t  f o r  some q u e s t i o n s  such  a s  I s  t h e  s u n  a l i v e ? '
the re  was a  s t e a d y  increase o f  per formance w i t h  age .

i a g e t c o n c l u s i o n  t h a t  a  o h i l d  conserves  because h e  i s  a b l e  t o
ou t  c e r t a i n  l o g i c a l  o p e r a t i o n s  and i s  conv inced  o f  t h e  l o g i c a l

n e c e s s i t y  o f  c o n s e r v a t i o n  was n o t  c o n f i r m e d  b y  L o v e l l  and  O g i l v i e 2 4
who f o u n d  t h a t  t h e  c h i l d  who had  conserved t h e  w e i g h t  o f  a  lump o f
p l a s t i c i n e  d u r i n g  change o f  shape m a d  n o t  n e c e s s a r i l y  conserve
the w e i g h t  o f  a  piece o f  b u t t e r .

The c o n c l u s i o n s  o f  t hese  s t u d i e s  a g e s  do  n o t  e x i s t  arid.
the  i m p l i c a t i o n  t h a t  t h e  power o f  expe r i ence  i n  d e v e l o p i n g  t h e  mind

i s  l i m i t l e s s  cannot b e  taken  a s  c o n c l u s i v e  ev idence  f o r  t h e  e f f e c t
o f  expe r ience  o n  ooncept  development  a s  t r a i n i n g  h i s t o r i e s  were  n o t
c o n t r o l l e d 2 0  . C o n c l u s i v e  ev idence  o f  t h e  e f f e c t s  o f  expe r i ence  o n

concept development  may be  o b t a i n e d  b y  t h e  use  o f  t r u e  e x p e r i m e n t a l
des igns i n  t h e  a n a l y s i s  o f  e d u c a t i v e  p rocesses .  S o m e  e f f e c t s  o f
exper ience o n  t h e  development o f  concep ts  have been demonst ra ted i n
the f o l l o w i n g  s t u d i e d .

Suchman25 c o n f r o n t e d  a  c h i l d  w i t h  a  p rob lem,  encouraged h i m

t o  a s k  any  q u e s t i o n s  he  wanted and gave h i m  t h e  answers t o  t h e s e

ques t ions  b u t  n o  o t h e r  i n f o r m a t i o n  , A f t e r  t h e s e  s e s s i o n s  t h e

teache r  and c h i l d  d i scussed  t h e  way i n  wh ioh  t h e  q u e s t i o n s  asked
a t tacked  t h e  p rob lem and t h e  c h i l d  l e d  t o  r e c o g n i z e  t h e  way i n  wh ich

the  approach  c o u l d  have been more s u c c e s s f u l .  C h i l d r e n  o f  1 0  y e a r s  o f

age were  a b l e  t o  approach prob lems l o g i c a l l y  t o  f o r m u l a t e



g e n e r a l i z a t i o n s  and d i s p l a y  t h i n k i n g  c h a r a c t e r i s t i c  o f  P i a g e t ' s
stage o f  f o r m a l  o p e r a t i o n s  n o t  n o r m a l l y  ach ieved  u n t i l  ado lescenoe.

Format ion o f  t h e  concep t  o f  w e i g h t  was f o u n d  t o  b e  b e s t  h e l p e d
by t h e  i n t r o d u c t i o n  t o  u n i t s  o f  w e i g h t  f o l l o w e d  b y  e x e r c i s e  i n

the measurement o f  w e i g h t  b e f o r e  embark ing on  t h e  compar ison and
judgement o f  w e i g h t s  o f  v a r i o u s  o b j e c t s 2 6 .

Smedslund t a c k l e d  t h e  p rob lem o f  t h e  permanence o f  concep ts
developed b y  t r a i n i n g  i n  p a r t i c u l a r  expe r i ences .  H i s  r e s e a r c h  l e d

to  t h e  c o n c l u s i o n  t h a t  t h e  t r a i n e d  conse rve rs  had  l e a r n t  c o n s e r v a t i o n

but  had  n o t  a r r i v e d  a t  a  concep t  o f  c o n s e r v a t i o n  a s  a  l o g i c a l
n e o e s s i t y.  T h e  i d e a  t h a t  t r u e  concep t  f o r m a t i o n  r e q u i r e d  a  r e o r g a n -
i s a t i o n  o f  ways o f  t h i n k i n g  prompted h im  -to t r y  t o  i nduce  c o n s e r v a t i o n
by c o g n i t i v e  c o n f l i c t  T w o  compet ing  approaches t o  s o l v i n g  t h e

problem f o r c e d  t h e  c h i l d  t o  c o n s i d e r  wh ich  s h o u l d  be  f o l l e w e d  a n d
t h i s  l e d  t o  t h e  c o g n i t i v e  r e o r g a n i s a t i o n  needed f o r  a  l o g i c a l l y

necessary concept  t o  be  f o rmed .  H e  f o u n d  t h e  c o n f l i c t  a p p r o a c h
the most  s u c c e s s f u l  o f  a l l  t h e  methods o f  i n d u c i n g  c o n s e r v a t i o n

which he  had  t r i e d .
There has  been some success  i n  i n d u c i n g  c o n s e r v a t i o n  b y

n n g  i n  l o g i c a l  o p e r a t i o n s 2 0 R e s u l t s  have suppo r ted  t h e  i d e a
t h a t  expe r i ence  w i t h  a c t i o n s  w h i c h  demonstrate  r e v e r s i b i l i t y  and make
conscious t h e  temporare  n a t u r e  o f  r e v e r s i b l e  changes c a n  l e a d  t o  t h e

development o f  number c o n s e r v a t i o n  and v e r y  p r o b a b l y  c o n s e r v a t i o n
o f  o t h e r  q u a n t i t i e s  a s  w e l l .  A n a l y s i s  o f  how a  c h i l d  becomes a b l e

o conserve  has  l e d  t o  t h e  c o n c l u s i o n  t h a t  c o n s e r v a t i o n  i s  p o s s i b l e
o n l y  when t h e  men ta l  o p e r a t i o n s  o f  m u l t i p l e  c l a s s i f i c a t i o n
m u l t i p l e  r e l a t i o n a l i t y  and r e v e r s i b i l i t y  a r e  p r e s e n t  a s  t h e  c o g n i t i v e
s t r u c t u r e s  b  s i c  t o  adequate c o n s e r v a t i o n  per formance necessary  f o r

s c i e n t i f i c  t h i n k i n g .
Piag t i e  i l l u s t r a t i o n  t h a t  a  c h i l d .  c o u l d  s o l v e  2 t i m e s  2  and

3 t i m e s  3  m a t r i x  problems a t  8  o r  9  a t  t h e  o p e r a t i o n a l  l e v e l  u s i n g

the sys tem o f  doub le  e n t r y  c l a s s i f i c a t i o n  p r o v i d e d  t h e  s t a r t i n g

p o i n t  f o r  one o f  Mea l ing  2 8  expe n t s  i n  h i s  s t u d y  o f  p rob lem

s o l v i n g  i n  s c i e n c e  a t  t h e  secondary  s c h o o l  s t a g e .  I n  one exper iment

the appa ra tus  e o n s i s t e d  o f  3  r e d  b l o c k s  and  2  o f  b l u e  f r o m  d e a l  and
1 r e d  and 2  b l u e  b l o c k s  f r o m  a  dense r  h a r d  wood and a  b a l a n c e .



The p rob lem was t o  f i n d  o u t  i f  t h e r e  were more heavy b l o c k s  t h a n  r e d
b looks .  T h i s  t e s t e d  t h e  a b i l i t y  t o  see  t h e  r e l e v a n c e  o f  a  doub le

e n t r y  sys tem o f  c l a s s i f i o a t i o n  t o  t h e  s o l u t i o n  o f  t h e  p rob lem and

to  m e n t a l l y  a r range  r a w  d a t a  i n t o  a  m a t r i x  i n  o r d e r  t o  s o l v e  t h e
problem. I t  was f o u n d  t h a t  b e l o w  a  menta l  age  o f  1 3 . 8  y e a r s  n o  one
could  s o l v e  t h e  p rob lem.  T h i s  s t u d y  o f  p rob lem s o l v i n g  d i d  n o t

at tempt  t o  e x p l a i n  how exper iences  c o u l d  h e l p  t h e  p u p i l  t o  s o l v e  t h e
problems. T h e  responses were f i t t e d  i n t o  a  c l a s s i f i c a t i o n  a n d  l i t t l e
about c a u s a l  v a r i a b l e s  c o u l d  be  deduced f r o m  t h e  s t u d y.

The t e c h n i q u e  used  t o  assess  t h e  q u a l i t y  o f  ado lescen t  t h o u g h t
by p o s i n g  a  p rob lem and encourag ing  t h e  a d o l e s c e n t  t o  t h i n k  t h r o u g h
h i s  s o l u t i o n  a l o u d  may b e  used t o  d e v e l o p  c l a s s i f i c a t i o n s  o r  t h e
responses f i t t e d  i n t o  a n  e x i s t i n g  c l a s s i f i c a t i o n .  I n  t h e  s t u d y  above
P i a g e t ' s  c l a s s i f i c a t i o n  was  used and  i n  a  s i m i l a r  s tudy29 o n  t h e
ex ten t  t o  w h i c h  some ado lescen ts  i nduoe  s c i e n t i f i c  p r i n c i p l e s  f r o m
s c i e n t i f i c  e x p e r i m e n t s  answers were f i t t e d  i n t o  Deu tsche 's
c l a s s i f i c a t i o n  o f  m a t e r i a l i s t i c  and  non- m a t e r i a l i s t i c  e x p l a n a t i o n s .
One expe r imen t  c o n s i s t e d  o f  two  t e a p o t s  one w i t h  a  s m a l l  h o l e  i n  t h e
l i d  and  t h e  o t h e r  w i t h  a n  a i r - t i g h t  l i d .  T h e  p u p i l s  had t o  t a l k
through t h e i r  e x p l a n a t i o n s  t h a t  t h e  w a t e r  wou ld  n o t  p o u r  o u t  o f  t h e
second t e a p o t .  T h e r e  were  s e v e r a l  expe r imen ts  i n v o l v i n g  p ressu re
and d e n s i t y  and i n  each case t h e  response was f i t t e d  i n t o  Deu tsohe 's

c l a s s i f i c a t i o n  f r o m  wh ich  l i t t l e  c a n  be deduoed i n  te rms  o f  oausa l
v a r i a b l e s .

The independent  and  dependent v a r i a b l e s  a r e  t h e  f a c t o r s  wh ich
are man ipu la ted  and measured. O n e  p rob lem i s  t o  show t h a t  a

s i g n i f i c a n t  d i f f e r e n c e  e x i s t s  between a  g roup  wh i ch  has r e c e i v e d
a t r e a t m e n t  and  a  g roup  wh ich  has  r e c e i v e d  n o  t r e a t m e n t .  A n o t h e r

problem i s  t o  a s c r i b e  t h e  d i f f e r e n c e  t o  t h e  t r e a t m e n t .  O n e  o f  t h e
s tud ies30  be low i n v e s t i g a t e s  changes i n  t h e  s t a t e  o f  consc iousness

be fo re  and  a f t e r  t r e a t m e n t s .  T h i s  s t u d y  has  l i m i t e d  a p p l i c a t i o n

to  t e a c h e r s  o f  ado lescen ts  a s  i t  was l i m i t e d  t o  E . S . N .  p u p i l s ,

the concep ts  i n v o l v e d  were fundamenta l  ones  o n  wh i ch  a  g r e a t  d e a l

o f  w o r k  has a l r e a d y  been done and  n o t  t h e  r e l a t i o n a l  ones  wh i ch

concern most  t e a c h e r s  i n  secondary  s c h o o l s .



51 cheldren30 aged 10  t o  16  w i t h  I . Q s .  between 5G to  7 7  who
ad f a i l e d  t o  conserve on  two o r  more conservat ion tasks i n v o l v i n g

number, substance,  l e n g t h l  d i s t a n c e ,  a r e a )  we ight  and volume, were
divided in to  ,3  matched groups. A  p r e - t e s t  p o s t - t e s t  w i t h  ( )antra l
group design was used.  O n e  group reoeived i n s t r u c t i o n s  on
conservation o f  a  v a r i e t y  o f  a t t r i b u t e s  and t h e  second group on
conservation o f  a rea  a lone*  T h e  c o n t r o l  group was g iven  p r a c t i c e
in  read ing .  3 0  o f  34  i n s t r u c t e d  c h i l d r e n  cons is tent ly  recognised,
generalised and gave reasons f o r  conservation on both p o s t - t e s t s .
No c o n t r o l  c h i l d  improved i n  understanding o f  conservation by t h e
time o f  t h e  second p o s t - t e s t .

That o n l y  a  few studies  have been undertaken whiâb i r t
i s o l a t e  causal  v a r i a b l e s  i s  h igh l igh ted  by  t h e  c la im o f  research
at  Le icester31  t h a t  t h e  f o l l o w ing  attempt t o  measure t h e  é f e c t s

of  teaching s t y l e  on a t t i t u d e s  and at ta inment  i n  science i s  t h e  f i r s t
large sca le  eva luat ions  study based on classroom observation t o  be
carried out.

Teaching s t y l e  i s  be ing measured using a  Science Teaching
Observation System developed by  t h e  team o f  researchers.  T h e
countrywide sample o f  113  teachers being observed a r e  teaching f o u r t h
year science courses.  E a o h  teacher  w i l l  be  observed on f o u r
eheasiehe b y  e n *  out  o f  a  team o f  40  observers.  A n  i n t e n s i v e  s tudy
using f i v e  t e a c h e r s  i s  planned t o  c o l l e c t  in format ion  on t h e
r e l i a b i l i t y  o f  t h e  observat ion schedule.  O v e r  9 ,000  p u p i l s  have
been used t o  p r e - t e s t  t h e  cogn i t i ve  t e s t s  i n  chemistry,  physics  and
bio logy.  S e c o n d a r y  hypotheses which t h e  researchers hope t o  t e s t
are t h a t  f o r  a  g iven teaching s t y l e  t h e  e f fec t iveness  o f  t h a t  s t y l e
is  measured by  t h e  p u p i l s  a t ta inment  and a t t i t u d e  scores w i l l  v a r y
acoording t o  t h e  p u p i l s  a b i l i t y  and t h a t  f o r  a  g iven teaching s t y l e
the e f fec t iveness  o f  t h a t  s t y l e  w i l l  v a r y  according t o  t h e  science
subject be ing  taught .



I n  s c i e n t i f i c  t h i n k i n g  i t  i s  i m p o r t a n t  t o  deve lop  t h e  a b i l i t i e s
to  r e g i s t e r  raw  r e s u l t s ,  make c l a s s i f i c a t i o n s  a n d  n o t e  correspondences

i s o l a t e  a n d  q u a n t i f y  c a u s a l  v a r i a b l e s ,  e l i m i n a t e  c o n t r a d i c t i o n s  and
t e s t  hypotheses  b y  exper iment  T w o  t y p e s  o f  r e s e a r c h  i n t o  s o l e n t i f i c
t h i n k i n g  may be  d i s t i n g u i s h e d  above.  I n  t h e  f i r s t  t y p e  t h e  r e s u l t s
are f i t t e d  i n t o  c l a s s i f i c a t i o n s  o r  used t o  deve lop  new c l a s s i f i c a t i o n s .
I n  t h e  second t y p e  t h e  f a c t s  a l l o w  t h e  i s o l a t i o n  and q u a n t i f i c a t i o n
o f  c a u s a l  v a r i a b l e s  and  h y p o t h e s i s  t e s t i n g .  T h e  suggested s t u d y

below i s  g i v e n  t o  i l l u s t r a t e  how a  t e a c h e r  as  e d u c a t i o n a l  r e s e a r c h e r
cou ld  d i s c o v e r  knowledge o f  e d u c a t i v e  processes  wh i ch  may be  u s e f u l

i n  o p t i m i s i n g  t h e  development o f  s c i e n t i f i c  t h i n k i n g ,  t h r o u g h  t y p e  2
research .  T h i s  i s  f o l l o w e d  i n  Chap te r  Three b y  a  s t u d y  t o  t e s t  t h e
f e a s i b i l i t y  o f  t h i s  t y p e  o f  r e s e a r c h  b e i n g  c a r r i e d  o u t  w i t h i n  t h e

science depar tment  o f  a  comprehensive s c h o o l .
To d i s c o v e r  knowledge wh i ch  may be  u s e f u l  i n  i m p r o v i n g  t h e

t ransm iss ion  o f  v a l u e d  knowledge,  t h e  t e a c h e r  a s  e d u c a t i o n a l  r e s e a r c h e r
has t h e  p rob lem o f  d i s c o v e r i n g  what  meanings a r e  c o n s t r u c t e d  b y  t h e

c h i l d  f r o m  t h e  expe r i ences  he  a r r a n g e s .  T w o  d i s t i n c t  p rob lems
immedia te ly  a r i s e .  W h a t  method c o u l d  be  used t o  d e t e c t  t h e s e  changes
i n  t h e  s t a t e  o f  consc iousness and how can  t h e y  be  a t t r i b u t e d  t o  known
causes. T h e  f i r s t  p r o b l e m  may b e  s o l v e d  b y  c o n s i d e r i n g  t h e  l o g i c a l
and p s y c h o l o g i c a l  aspeo ts  o f  t e a c h i n g  a  s u b j e c t 3 2 .  T h e  Soien00

teacher  i s  a t t e m p t i n g  t o  t r a n s m i t  a  s u b j e c t  wh i ch  i s  a  l o g i c a l l y
cohesive d i s c i p l i n e ,  t o  a  c h i l d  whose p s y c h o l o g i c a l  s t a t e  i s  chang ing ,

perhaps a s  a  r e s u l t  o f  t h e  t e a c h i n g .  T e s t s  o o u l d  measure t h e s e

changes i n  t h e  c h i l d  i n  te rms  b o t h  o f  t h e  l o g i c a l  development o f  a
sub jec t  and  t h e  p s y c h o l o g i c a l  development  o f  t h e  c h i l d .  T h a t  i s  t h e
t e s t s  o o u l d  have b o t h  c o n t e n t  and  c o n s t r u c t  v a l i d i t y .  T h i s  c o u l d
be ensured  b y  e x p e r t s  i n  a  f o r m  o f  knowledge d e s i g n i n g  i t e m s  w i t h i n
Bloom's Taxonomy o f  E d u c a t i o n a l  O b j e c t i v e s  o v e r l e a f  wh ich  wou ld  be

nested w i t h i n  a  c l a e s i f i o a t i o n  s u c h  a s  P i a g e t i s  g i v e n  i n  Chap te r  One.

The r e s u l t s  o f  t h i s  t e s t  c o u l d  g i v e  a n  i n d i c a t i o n  b o t h  o f  achievement
w i t h i n  a  s u b j e c t  and  t h e  p u p i l s  p s y c h o l o g i c a l  s t a t e  i n  t e rms  o f

c o g n i t i v e  deve lopment .



Condensed Version of
the Taxonomy of Educational Objectives2

Cognitive Domain

KNOWLEDGE
00 KNOWLEDGE
nowledge, as defined here, involves the recall of specifics and universals,
te recall of methods and processes, or the recall of a pattern structure,
- setting. For  measurement purposes, the recall situation involves little
nre than bringing to mind the appropriate material. Although some
teration of the material may be required, this is a relatively minor part
the task. The knowledge objectives emphasize most the psychological_

wocesses of remembering. The process of relating is also involved in tha
knowledge test situation requires the organization and reorganization o
problem such that it will furnish the appropriate signals and cues for the

iformation and knowledge the individual possesses. To  use an analogy,
one thinks of the mind as a file, the problem in a knowledge test situatio

; that of finding in the problem or task the appropriate signals, cues, and
hies which will most effectively bring out whatever knowledge is filed or
.ored.

.10 KNOWLEDGE OF SPECIFICS
'he recall of specific and isolable bits of information. The emphasis is on
t,mbols with concrete referents. This material, which is at a very low
vet of abstraction, may be thought of as the elements from which more
)mplex and abstract forms of knowledge are built.

11 KNOWLEDGE OF TERMINOLOGY
.nowledge of the referents for specific symbols (verbal and non-verbal).
his may include knowledge o f  the most generally accepted symbol
'ferent, knowledge of the variety of symbols which may be used for a
ngle referent, or knowledge of the referent most appropriate to a given
;e of a symbol.
To define technical terms by giving their attributes, properties, o r
lations.
Familiarity with a large number of  words in their common range of
eanings.

1.22 KNOWLEDGE OF TRENDS AND SEQUENCES
Knowledge of the processes, directions, and movements of  phenomena
with respect to time.
* Understanding of the continuity and development of American culture
as exemplified in American life.
* Knowledge of the basic trends underlying the development of public
essistance programs.

1.23 KNOWLEDGE OF CLASSIFICATIONS AND CATEGORIES
Knowledge of the classes, sets, divisions, and arrangements which are
regarded as fundamental for a given subject field, purpose, argument,
or problem.
* To  recognize the area encompassed by various kinds of problems or
materials.
*j Becoming familiar with a range of types of literature.

1.24 KNOWLEDGE OF CRITERIA
tKnowledge o f  the criteria by which facts, principles, opinions, and
conduct are tested or judged.
* Familiarity with criteria for judgment appropriate to the type of wprk
and the purpose for which it is read.
* Knowledge of criteria for the evaluation of recreational activities.

12 KNOWLEDGE OF SPECIFIC FACTS
nowledge of dates, events, persons, places, etc. This may include very
ecise and specific information such as the specific date or exact mag-
tude of  a phenomenon. I t  may also include approximate or relative t
formation such as an approximate time period, or the general order of
agnitude of a phenomenon.
The recall of mitjor facts about particular cultures. s t i
The possession of a minimum knowledge about the organisms studied
the laboratory.
Illustrative educational objeclives selected from the literature.

1.25 KNOWLEDGE OF METHODOLOGY
Knowledge o f  the methods o f  inquiry, techniques, and procedures
employed in a particular subject field as well as those employed in investi-
gating particular problems and phenomena. The emphasis here is on the
individual's knowledge of the method rather than his ability to use the
method.

Knowledge of scientific methods for evaluating health concepts.
* The student shall know the methods of attack relevant to the kinds of
problems of concern to the social sciences. -

10 KNOWLEDGE OF WAYS AND MEANS OF DEALING WITH
SPECIFICS

iowledge of the ways of organizing, studying, judging, and criticizing.
tis includes the methods of  inquiry, the chronological sequences, and

standards of judgment within a field as well as the patterns of organiza-
)n through which the areas of the fields themselves are determined and
ternally organized. Th is  knowledge is a t  an intermediate level o f
)straction between specific knowledge on the one hand and knowledge
universals on the other. I t  does not so much demand the activity of the
ident in using the materials as it does a more passive awareness of their
tture.

1.30 KNOWLEDGE OF THE UNIVERSALS AND ABSTRACi  IONS
IN A FIELD

Knowledge of the major schemes and patterns by which phenomena and
ideas are organized. These are the large structures, theories, and general-
izations which dominate a subject field or which are quite generally used
in studying phenomena or solving problems. These are at the highest
levels of abstraction and complexity.

21 KNOWLEDGE OF CONVENTIONS
nowledge of characteristic ways of treating and presenting ideas and
lenomena. For purposes of communication and consistency, workers in
field employ usages, styles, practices, and forms which best suit their
irposes and/or which appear to suit best the phenomena with which they
al. I t  should be recognized that although these forms and conventions
e likely to be set up on arbitrary, accidental, or authoritative bases,
ey are retained because of  the general agreement or concurrence o
dividuals concerned with the subject, phenomena, or problem.
Familiarity with the forms and conventions o f  the major types o
)rks, e.g. verse, plays, scientific papers, etc.
To make pupils conscious o f  correct form and usage in speech an

1.31 KNOWLEDGE OF PRINCIPLES AND GENERALIZATIONS
Knowledge of particular abstractions which summarize observations of
phenomena. These are the abstractions which are of value in explaining,
describing, predicting, o r  i n  determining the most appropriate and
relevant action or direction to be taken.

Knowledge of the important principles by which our experience with
biological phenomena is summarized.
* The recall of major generalizations about particular cultures.

1.32 KNOWLEDGE OF THEORIES AND STRUCCURES
Knowledge of the body of principles and generalizations together with
their interrelations which present a clear, rounded, and systematic view
of a complex phenomenon, problem or field. These are the most abstract
formulations, and they can be used to show the interrelation and organ-
ization of a great range of specifics.
* The recall of major theories about particular cultures.
* Knowledge o f  a relatively complete formulation o f  the theory o f



INTELLECTUAL ABILITIES AND SKILLS
bilitles and skills refer to organized modes of operation and generalized
thniques for dealing with materials and problems. The materials and
oblems may be of such a nature that little or no specialized and tech-
cal information is required. Such information as is required can be
sunned to be part of the individual's general fund of knowledge. Other
'oblems may require specialized and technical information at a rather
gh level such that specific knowledge and skill in  dealing with the
'oblem and the materials are required. The abilities and skills objectives
nphasize the mental processes of organizing and reorganizing material
achieve a particular purpose. The materials may be given or remem-

tred. -

4.20 ANALYSES OF RELATIONSHIPS
The coonections and interactions between elements m a  parts o f  a
communication.
* Ability to check the consistency of hypotheses with given information
and assumptions.
* Skill in comprehending the interrelationships among the ideas In a
passage.

.00 COMPREHENSION
'his represents the lowest level of understanding. I t  refers to a type of
nderstanding or apprehension such that the individual knows what is
eing communicated and can make use of  the material or idea being
Drnmunicated without necessarily relating it to other material or seeing
s fullest implications.

4.30 ANALYSIS OF ORGANIZATIONAL PRINCIPLES
The organization, systematic arrangement, and structure which hold the
communication together. This includes the 'explicit' as well as 'implicit'
strncture. I t  includes the bases, necessary arrangement, and the mechanics
which make the communication a unit.
* The ability to recognize form and pattern in literary or artistic works as
a means of understanding their meaning.
* Ability to recognize the general techniques used in persuasive materials,
such as advertising, propaganda, etc.

.10 TRANSLATION
:omprehension as evidenced by the care and accuracy with which the
Dmmunication is paraphrased or rendered from one language or form of
Dmmunication. Translation is judged on the basis of faithfulness and
xuracy, that is, on the extent to which the material in the original
mmunication is preserved although the form of the communication has
cen altered.
The ability to understand non-literal statements (metaphor, symbolism,

ony, exaggeration).
Skill in translating mathematical verbal material into symbolic state-

lents and vice versa.

5.00 SYNTHESIS
The putting together of elements and parts so as to form a whole. This
involves the process of  working with pieces, parts, elements, etc., and
arranging and combining them in such a way as to constitute a pattern
or structure not clearly there before.

5.10 PRODUCTION OF A UNIQUE COMMUNICATION
The development o f  a communication in which the writer or speaker•
attempts to convey ideas, feelings, and/or experiences to others.
* Skill in writing, using an excellent organization of ideas and statements,
* Ability to tell a personal experience effectively.

20 INTERPRETATION
he explanation o r  summarization o f  a  communication. Whereas
anslation involves an objective part-for-part rendering of a communica-
on, interpretation involves a reordering, re-arrangement, or a new view
the material.
The ability to grasp the thought of the work as a whole at any desired
vel of generality.
The ability to interpret various types of social data.

5.20 PRODUCTION OF A PLAN OR PROPOSED SET OF OPERA-
TIONS

The development of a plan of work or the proposal of a plan of operations.
The plan should satisfy requirements of the task which may be given to
the student or which he may develop for himself.
* Ability to propose ways of testin.g hypotheses.
* Ability to plan a unit of instruction for a particular teaching situation.

.30 EXTRAPOLATION
he extension of trends or tendencies beyond the given data to determine
nplications, consequences, corollaries, effects, etc., which are in accord-
nce with the conditions described in the original communication.
The ability to deal with the conclusions o f  a work in terms o f  the

nmcdiate inference made from the explicit statements.
Skill in predicting continuation of trends.

5.30 DERIVATION OF A  SET OF ABSTRACT RELATIONS
The development of a set of abstract relations either to classify or explain
particular data or  phenomena, o r  the deduction o f  propositions and
relations from a set of basic propositions or symbolic representations.
* Ability to formulate appropriate hypotheses based upon an analysis of
factors involved, and to modify such hypotheses in  the light o f  new
fFtors and considerations. ,
*\ Ability to make mathematical discoveries and generalizations.

00 APPLICATION
he use of abstractions in particular and concrete situations. The abstrac-
Dins may be in  the form o f  general ideas, rules o f  procedures, o r
tneralized methods. The abstractions may also be technical principles,
eas, and theories which must be remembered 'and applied.
Application to the phenomena discussed in one paper of the scientific
rms or concepts used in other papers.
The ability to predict the probable effect of a change in a factor on a
°logical situation previously at equilibrium.

00 ANALYSIS
le breakdown o f  a communication into its constituent elements or
trts such that the relative hierarchy of  ideas is made clear and/or the
lations between the ideas expressed are made explicit. Such analyses
e intended to clarify the communication, to indicate how the communica-
)n is organized, and the way in which it manages to convey its effects,
well as its basis and arrangement.

6.00 EVALUATION
Judgments about the value of material and methods for given purposes.
Quantitative and qualitative judgments about the extent to which material

, and methods satisfy criteria. Use of a standard of appraisal. The criteria
may be those determined by the student or those which are given to him._
6.10 JUDGMENTS IN  TERMS OF INTERNAL EVIDENCE
Evaluation of the accuracy of a communication from such evidence as
logical accuracy, consistency, and other internal criteria.
* Judging by internal standards, the ability to assess general probability)
of accuracy in reporting facts from the care given to exactness of state-
ment, documentation, proof, etc.
* The ability to indicate logical fallacies in arguments.

10 ANALYSIS OF ELEMENTS
ratification of the elements included in a communication.,
The ability to recognize unstated assumptions.
Skill in distinguishing facts from hypotheses.

6.20 JUDGMENTS IN  TERMS OF EXTERNAL CRITERIA
Evaluation of material with reference to selected or remembered criteria,
*The comparison o f  Major theories, generalitationS, and 'Ufa about
particular cultures.

Judging by external standards, the ability to compare a work with the
highest known standards in its field especially with other works o f
recognized excellence.



The second prob lem above was t o  a s c r i b e  changes i n  t h e  s t a t e  o f

consciousness t o  known causes a s  unambiguously  a s  p o s s i b l e .  T h i s
may be  s o l v e d  i f  t h e s e  t e s t s  were r e l i a b l e  and c o u l d  be  des igned
w i t h  c o n t e n t  and  c o n s t r u c t  v a l i d i t y  a s  deso r i bed  above and t r u e
exper imenta l  d e s i g n s  d e s c r i b e d  i n  Chap te r  Three were u s e d .  ,  The
random a l l o c a t i o n  o f  p u p i l s  t o  g roups  and  t h e  o t h e r  c o n t r o l s  ment ioned
cou ld  h e l p  i n  t h e  d e t e c t i o n  o f  t h e  e f f e c t  o f  exper iences  a r ranged
by t h e  t e a c h e r  On t h e  meanings c o n s t r u c t e d  b y  t h e  p u p i l .

The f e a s i b i l i t y  o f  c a r r y i n g  o u t  t h i s  r e s e a r c h  w i t h i n  s c h o o l s
w i t h  t h e  a i m  o f  expe r imen t i ng  t o  o p t i m i s e  t h e  e f f e c t i v e  t r a n s m i s s i o n
o f  v a l u e d  knowledge h a s  n o t  been t e s t e d  t o  my knowledge i n  t h i s
c o u n t r y.  T h e  f o l l o w i n g  s t u d y  t e s t s  t h e  f e a s i b i l i t y  o f  c a r r y i n g  o u t

h i s  t y p e  o f  r e s e a r c h  w i t h i n  t h e  s c i e n c e  depar tment  o f  a  comprehensive

schoo l .
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p r  f e r r s  t o  1  and  3  f o r  t h e  reasons  e  t e d  b u t
i t  s  i i p o s i b i e  t o  randomly  a U o o a t e  p u p i l s  t o  4  g roups  because o f
the r  a l  o r g a  i e a t i o n  o f  3  t e o h e r a  t o  I  band o f  a b i l i t y

son f o r  t h e  3 t u d y  a s  i t  was i n i t i a l l y  i n t e n d e d  t o  s t u d
i n t e r  i o n  o f  t h e  t r e a t m e n t  a t  t h e  p  t e s t  a b i l i t y  l e v e l ,  w h i
p r e - t s t  s c o r e s  eake p o s s i b l e .  I n  r e t r o s p e c t '  however '  d e s i g n
should have been used a s  no  r e s u l t s  were e a t h e r e d  on  a  p r e - t e s t
a b i l i t y  l e v e l  ow ing  t o  t h e  t i m e  a v a i l a b l e  and  t h e  r e s u l t s  o f  t h e
present  s t u d y  were used t o  show t h e  e f f e c t s  o f  c e r t a i n  t r e a t m e n t s .
Th i s  c o u l d  have been done w i t h  d e s i E n  3 wh ich  assured  i n i t i a l  e e u i v a l
once o f  g roups  b y  r a  o m i s a t i o n  and wou ld  l i v e  avo ided  any  r e a c t i v i t y
o f  t h e  p r e - t e s t  w i t h  t h e  t r e a t m e n t  and  c o n t r o l  g r o u p s .  T h e  i n t e r n a l
v a l i d i t y  o f  t h e  exper iment  r e s t s  upon t h e  equ i va lence  o f  t h e  g roups
and s e v e r a l  f a c t o r s  wh ioh  c o u l d  i n f l u e n o e  t h i s  v a l i d i t y  a r e  d i scussed

below.
General  h i s t o r i c a l  e v e n t  s p r o d u c e  e  p r e

pence f o r  g roup  1  ouch  as  a b i l i t y  l e v e l s  o r  a t t a i n m e n t s
may produce a  d i f f e r e n t  e f f e c t  f o r  6 r0up  2 .  T h e  p u p i l s  were  ass igned
at  random t o  t h e  g roups  t o  a v o i d  t h i s  p e s s i b i l i t y .  T h e r e  may,  however
be e v e n t s  i n -be tween  t e s t i n g  wh i ch  may e f f e c t  t h e  t r e a t m e n t s .  F o r
example, t o  r u n  i n t e r v i e w i n g  sesseons s i m u l t a n e o u s l y  wou ld  have
requ i r ed  d i f f e r e n t  i n t e r v i e w e r s  and t h e i r  d i f f e r e n c e s  c o u l d  have become
a f o r m  o f  e f f e e t  confounded w i t h  t h e  t r e a t m e n t  e f f e c t .  T h e  I n d i v i d u a l s
were ass igned  t  random t o  t h e  i n t e r v i e w s  wh i ch  f o r  b o t h  p r e - t a s t  and
p o s t - t e s t  were  comple ted  i n  f i v e  dayee  I t  was hoped t o  ensure  b y

randomisa t ion  t h a t  e v e n t s  i n - b e t w e e n  t e s t i n g  were a s  common t o  t h e

groups as  p o s s i b l e  and c o u l d  n o t  become a  s i g n i f i c a n t  e f f e c t  i n

e x p l a i n i n g  any  d i f f e r e n c e s  obse rved .  T h e  t h r e e  p u p i l s  i n  t h e
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exper imenta l  g roups  who f a i l e d  t o  g e t  t h e  t r e a t m e n t  were i n c l u d e d

i n  t h e  r e s u l t s .  T h i s  d i m i n i s h e d  t h e  apparen t  e f f e o t  o f  t h e
t rea tment  b u t  avo ided  samp l i ng  b i a s .

The b e l i e f  t h a t  more a t t e n t i o n  shou ld  be  g i v e n  b y  e d u c a t i o n a l
researchers  t o  t h e  a n a l y t i c  s e p a r a t i o n  o f  v a r i a b l e s  w i l l  b e  _
emphaeised b y  c o n c e n t r a t i n g  o n  t h e  r e p e a t i b i l i t y  o f  o b s e r v a t i o n s
and d e t e c t i n g  s i g n i f i c a n t ' d i f f e r e n o e s  be tween expe r imen ta l  and
c o n t r o l '  groups w h i c h  can  be  ass igned  t o  t h e  t r e a t m e n t  i n  t h e  hope
t h a t  c a u s a l  v a r i a b l e s  w i l l  b e  i s o l a t e d  and q u a n t i f i e d .

"We s h o u l d  keep i n  mind t h a t  t h e  s u c c e s s f u l  so leness  s u c h  as

phys ics  and  c h e m i s t r y  make t h e i r  advances w i t h o u t  a n y  a t t e n t i o n  t o
rep resen ta t i veness  ( b u t  w i t h  g r e a t  concern  f o r  r e p e a t a b i l i t y  b y

independent r e s e a r c h e r s ) .  A n  Ivory—tower  a r t i f i c i a l i t y  l a b o r a t o r y
clone*, i s  a  v a l u a b l e  achievement  even  i f  u n r e p r e s e n t a t i v e ,  and

a r t i f i c i a l i t y  may  o f t e n  be e s s e n t i a l  t o  t h e  a n a l y t i c  s e p a r a t i o n
o f  v a r i a b l e s  fundamenta l  t o  t h e  achievements o f  many s c i e n c e s .
But c e r t a i n l y ,  i f  i t  does  n o t  i n t e r f e r e  w i t h  i n t e r n a l  v a l i d i t y  o r
a n a l y s i s ,  e x t e r n a l  v a l i d i t y  i s  a  v e r y  i m p o r t a n t  c o n s i d e r a t i o n
e s p e c i a l l y  f o r  an  a p p l i e d  d i s c i p l i n e  s u c h  a s  t e a o h i n g " .

TREATMENT Oi  EXPERIMENTAL SROUP

S i x  memberso f  s t a f f  t a u g h t  t h e  N u f f i e l d .  Combined Sc ience

Course33 t o  t h e  f i r s t  y e a r  g roups  and  each member had t a u g h t  t h e
course f o r  t h e  f i r s t  t i m e  t h e  p r e v i o u s  y e a r .  C h i l d r e n  f r o m  a l l
groups i n  t h e  f i r s t  y e a r  were t e s t e d  i n d i v i d u a l l y  and t h e  r e s e a r c h e r
was a  f r e q u e n t  o b s e r v e r  i n  a l l  c l a s s e s .  T h i s  i s  s i m p l y  t o  emphasize
t h a t  t h e  r e s e a r c h  was c a r r i e d  o u t  a s  p a r t  o f  t h e  norma l  d a y  o f  a
teacher  and no  g roups  appeared t o  c h i l d r e n  o r  t e a c h e r s  t o  b e
se lec ted  f o r  s p e c i a l  s t u d y.  T h e  assessments were a r ranged  b e f o r e

and a f t e r  sohoo l  and  so  d i d  n o t  r e q u i r e  t h e  p u p i l s  b e i n g  removed

from t h e i r  normal  l e s s o n s .
Each expe r imen ta l  g r o u p  had t w o  t e a c h i n g  s e s s i o n s  o f  1  h o u r

10 m inu tes  p e r  week. T h e  c o n t r o l  g r o u p  i n v e s t i g a t e d  ear thworms,

a t o p i c  unconnected t o  t h e  s t u d y  o f  t h e  t r e a t m e n t  g r o u p s ,  e s t i m a t i n g

and measur ing .  T h e  expe r i ences  o f  t h e  c h i l d r e n  w i t h  a  pendulum?



m i l k  s t r a w  we igh ing  maohine and  mathemat ica l  beam ba lance  were
chosen f o r  i n v e s t i g a t i o n  t o  d e t e c t  i f  a  s h i f t  o c c u r r e d  i n  t h e
p u p i l s  a b i l i t y  t o  a b s t r a c t  c a u s a l  v a r i a b l e s  i n  t hese  exper imen ts
as a  r e s u l t  o f  t h e  e x p e r i e n c e s .

PENDULUM

Each p u p i l  i n  t h e  t r e a t m e n t  g roups  was g i v e n  a  b o o k l e t  o f

worksheets c o n t a i n i n g  i n s t r u c t i o n s  and  q u e s t i o n s .  S i x  exper iments
i n c l u d i n g  t h e  pendulum exper iments  were comple ted  b y  t h e  p u p i l s .
The p u p i l s  changed f r o m  one exper imen t  t o  a n o t h e r  u n t i l  t h e y  had
f i n i s h e d  t h e  c i r c u s .  T h e r e  was no  f o r m a l  t e a c h i n g  b u t  q u e s t i o n s

cou ld  be  answered b y  t h e  t e a c h e r  and i t  was i n s i s t e d  t h a t  t h e
worksheets were comp le ted ,

THE MILK STRAW WEIGHING MACHINE

The t e a o h e r s  demonst ra ted how t o  b u i l d  t h e  machine and  t h e
soa le .  T h e n  t h e  p u p i l s  w i t h  t h e  h e l p  o f  t h e  t e a c h e r  and t h e
i n s t r u c t i o n  b o o k l e t  b u i l t  t h e  machine and  s c a l e .  O n e  d i f f i c u l t y
o f  c a r r y i n g  o u t  t r u e  exper imen ts  w i t h i n  s c h o o l  depar tments  was
i l l u s t r a t e d  b y  one member o f  s t a f f  n o t  b e i n g  s a t i s f i e d  t h a t  h i s
group unders tood  how t o  c o n s t r u c t  t h e  s c a l e .  H e  t h e n  t a u g h t  one
e x t r a  s e s s i o n  t o  h i s  g roup  o n  how t o  c o n s t r u c t  t h e  s o a l e .

THE MATHEMATICAL BEAM BALANCE

The t r e a t m e n t  g roups  experimented, w i t h  t h e  ba lance  a f t e r
r e c e i v i n g  a  demons t ra t i on .  T h e r e  was,  howeve r,  a  m a j o r  d i f f e r e n c e

between t h e  t w o  g r o u p s .  O n e  g r o u p  r e o e i v e d  s p e c i f i c  t r a i n i n g  t o
show t h e  o o n n e c t i o n  between mass a n d  d i s t a n c e  o n  each s i d e  o f  t h e
fu lc rum w h i l s t  t h e  second g roup  r e c e i v e d  gu idance i n  t h e  u s e  o f
the ba lance  a s  a  we igh ing  machine b u t  t h e  c o n n e c t i o n  between mass

and d i s t a n c e  was n o t  made e x p l i c i t .  T h i s  was a n  i n t e r e s t i n g

obse rva t i on  because t h e r e  i s  n o  s p e c i f i c  r e f e r e n c e  t o  t h i s
connec t ion  i n  t h e  worksheets  b u t  t h e  t e a c h e r s  had  aooess t o  t h e

t e s t i n g  a r e a  d u r i n g  t h e  post—test.



Causal v a r a .

Dependent v a r i a b l e s
Independent v a r i a b l e s

Causal v a r i a b l e s

o) T H E  MATHEMATICAL BEAM A

4) T H E  THREE EXPERIMI STUD 11),

One b e h a v i o u r a l  c r i t e r i a  f o r  a  pe rson  who pe r fo rms  s c i e n t i f i c
expe r ieen ts  i s  t o  exc lude  one  independent  v a r i a b l e  s o  t h a t  t h e  e f f e c t
o f  a n o t h e r ,  o n  t h e  dependant v a r i a b l e ,  c a n  be  observed and  q u a n t i f i e d ,

I f  a  s c i e n t i s t  w i shes  t o  change a  p rocess  i n  a  p r e d i c t e d  way he  needs
to  i s o l a t e  and  q u a n t i f y  t h e  c a u s a l  v a r i a b l e s  i n  t h e  p r o c e s s .  T h e
th ree  exper imen ts  were  chosen because each has  s e v e r a l  independent
v a r i a b l e s ,  w h i c h  c o u l d  e f f e c t  t h e  dependent v a r i a b l e s .  T h e
pendulum had 1  o a u s a l  v a r i a b l e  a f f e c t i n g  t h e  p e r i o d ,  t h e  mathematioal
beam ba lance  2  c a u s a l  v a r i a b l e s  a f f e c t i n g  t h e  p o s i t i o n  o f  e q u i l i b r i u m
and t h e  m i l t  s t r a w  we igh ing  machine 2  c a u s a l  v a r i a b l e s  a f f e c t i n g
i t s  p o s i t i o n  o f  e q u i l i b r i u m .

THE 21O1DUDUM

Dependent v a r i a b l e s the p e r i o d  o f  swine

Independent v a r i a b l e s m a s s
l e n g t h
angle o f  s w i
l e n g t h

sca le  p o s i t i o n

p o s i t i o n  o f  sc rew
p o s i t i o n  o f  need le
p o s i t i o n  o f  sc rew
p o s i t i o n  o f  need le

Dependent v a r i a b l e s  s -  p o s i t i o n  o f  equi
Independent v a r i a b l e s mass

d i s tance

a t i o n a h i p  between t w o  independent  a  i a b l e s  wh i ch  de te rm ines  t h e

p o s i t i o n  o f  e q u i l i b r i u m  e -  mass 1( d i s t a n c e ,

brium



The d iagrams o f  t h e  appara tus  used  i n  t h e  exper iments  and
i n t e r v i e w s ,  a r e  f o l l o w e d  b y  a  d e s c r i p t i o n  o f  t h e  t r e a t m e n t  o f

the e x p e r i m e n t a l  and  c o n t r o l  g roups  and  d e t a i l s  o f  t h e  i n t e r v i e w s
used t o  measure a n y  changes i n  t h e  a b i l i t y  t o  s e p a r a t e  o u t  t h e

causal  v a r i a b l e s .
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THE IN  V I E W S

The in te rv iew  i s  being u s c i  as a  measuri -  instrument t o
ie teet  t he  s t a t e  o f  the  adol  e e n t s  a b i l i t y  t o  choose the  oo r
re le t ionsh ip  between a  dependent and independent va r i ab l e .

A standardised. i n  ervIew14' was dasigned f o r  eaoh o f  th ree
s x p e r i e o t e  as the  vam nformation wes t o  os oo l lec ted  f rom each
respondent; t h e  responses were t o  be olass f i e d  and compared and
di fferences observed between grou w e r e ,  as  f a r  as poss ib le
be a t t r i b u t e d  t o  experimental t reatments r a t h e r  than r e f l e c t i
d i f ferences due t o  quest ions asked o r  meanings a t t r i b u t e d  t o  t he
questions.

To avo id  a  ( U f f e r e n e e  i n  responses being due t o  t he
teasuring inetrument t h e  t  r d i s e d  in te rv iew was scheduled,

0

e wording and sequence o f  the  euestione was predetermened
and asked i n  the  same way. T h e  responses were recorded i n  p re -

!mesa* T o  preducs a  response t h a t  v a l i d l y  d i f f e ren t i a t e&
one response f rom another the s t imulus  must be as i d e n t i o a l  as
possible.  I n  each a s s  t he  experiments were plaoed i n  f r o n t  o f
the respondent ( t h e  v i sua l  s t i m u l i  were recorded on the  schedule)
to supplement t he  quest ions.  C l o s e d  queetions were g iven i n  eaoh
case as  t he  purpose was t o  do t  o t  i f  t he  respondent cou ld  choose a
response which s t e t  d  the  co r rec t  r e l a t i o n s h i p  between the  dependent
and independent va r i ab le .

The same in te rv iewer  was s e d  i n  each case i n  the  same p
to ensure t h a t  cond i t ions  were kept  as  constant as  poss ib le .
Other f ac to rs  which could in f luence t h e  r e s u l t s  independent o f
treatments g iven have been described w i t h  the  experimental des ign.
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I f  I  p u t  a  l a r g e r  mass o n  t h e  end o f  t h e  s t r i n g  keep ing  t h e
s t r i n g  t h e  same l e n g t h  ( p o i n t i n g  t o  t h e  pendulum)

W i l l  one  p e r i o d  ( d e m o n s t r a t i n g  a  p e r i o d  o f  sw ing )

take more t i m e  /  l e s s  t i m e  /  s t a y  t h e  same t i m e ?

I f  I  p u t  a  s m a l l e r  mass o n  t h e  end  o f  t h e  s t r i n g  keep ing
the s t r i n g  t h e  same l e n g t h

Q. W i l l  one  p e r i o d  t a k e  more t i m e  /  l e s s  t i m e  /  s t a y  t h e  same t i m e ?

I f  I  make t h e  s t r i n g  much l o n g e r  keep ing  t h e  mass t h e  same

W i l l  one p e r i o d  t a k e  more t i m e  /  l e s s  t i m e  /  s t a y  t h e

b)

f  I  make t r i r i g  much s h o r t e r  keep ing  t h e  mass t h e  same

Q. W i l l  one  p e r i o d  t a k e  more t i m e  /  l e s s  t i m e  /  s t a y  t h e  same t i m e

THE MIL]C STRAW WEIGHING

move t h e  sc rew o u t  a  f e w  t u

t h i s  s i d e  ( P o i n t i n g  t o  t h e  sc rew  s i d e )  f a l l  /  s t a y  t h e  same?

(p t i n g  t o  t h e

t o  w i t h d

as

move t h e  sc rew i n  a  f e w  t u r n s  ( p o i n t i n g  t o  t h e  sc rew  a s

i f  t o  sc rew  i t  i n

s ide  ( p o i n t i n g  t o  t h e  sc rew)  f a l l

I f  t h e  n e e d l e  i s  moved t o  h e r o  ( p o i n t i n g  t o  p o s i t i o n  A )

Q. W i l l  t h i s  s i d e  ( p o i n t i n g  t o  t h e  sc rew  s i d e )  f a l l  /  r i s e

I f  t h e  need le moved t o  h e r e  (

Q. W i l l  t h i s  s i d e  ( p o i n t i n g  t o  t h

i n g  t o  p o s i t i o n  B )

s ide )  f a l l  /  r i s e

he same?

he same?
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pu ass o n  he re  ( p o i n t i n g  t o  A9 )

go I h a t  w i l l  happen t o  y o u r  s i d e ?  W i l l  i t  f a l l  s t a y  h e  as.

I f  I  p u t  1  mass o n  ha re  p o i n t i n g  t o  k b )  a n d  1  mass h e r e  ( p o i n t i n g  t o  B8)

What w i l l  happen t o  y o u r  s i d e  ( B ) ?  W i l l  i t  f a l l  / r i s e  / s t a y  t h e  same?

I  p u t  2  masses h e r  ( p o i n t i n g  t o  B5)  a n d  1  mass h e r e  ( p o i n t i n g  t o  11 0 )

(/* What w i l l  happen t o  y o u r  s i d e  ( B ) ?  W i l l  i t  f a l l  /  r i s e  /  s t a y  thssame?

I f  I  p u t 2  masses h e r e  ( p o i n t i n g  t o  A5 )  a n d  I  mass h e (oo t i n g  t o  B10)

Q. What w i l l p p e n  t o  y o u r  s i d e ?  W i l l  i t  f a  /  r i s e  s t a y  t h e  same?

put  1  mass h e r e  ( p o i n t i n g  t o  1 9 )  and  3  masseshe re  ( P o i n t i n g  t o  B2 )

w i l l  happen t o  y o u r  s i d e ?  W i l l  i t  f a  /  r i s e  /  s t a y  t h e  same?



6) HYPOTHESES T O  B E  TESTED

1) There w i l l  b e  no  d i be tweennos   the p re—tes t  mean
the t o t a l  g r o u p  sco res

There w i l l  be  a  d i f f e r e n c e  between t o t a l  s c o r e s  f o r  g roups  1  and  3

There w i l l  b e  a  d i f f e r e n c e  between t  a l  s c o r e s  f o r  g roups  2  and 3

There w i l l  b e  no  d i f f e r e n c e  betwøen groups

d i s c o v e r y
a unguided

There w i l l  b e  no  d i f f e r e n c e  between groups  2  and 3  f o r  unguided
d i scove ry

6) T h e r e  w i l l  b e  a  d i f f e r e n c e  between groups  1  and  3

7) T be a  d i f f e r e n c e  between groups  2  and. 3

There w i l l  b e  a  d i f f e r e n c e  between groups  1  and  2  f o r  gu ided
d i scove ry  and s p e c i f i c  t r a i n i n g .
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a PENDULUM

GrouPs 1  and  2  a r e  t h e  t r e a t m e n t  g r o u p s  g r o u p  3  i s  t h e  c o n t r o l  g r o u p .
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RESULTS CONTINUED

SCREW O U T SCREW I N
PRE POST PRE POST

, r i g h t wrong r i g h t wrong Group r i gh t , wrong r i g h t wrong
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8 10 11 7 1 6
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•
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8) T R E AT M E N T  OF RESULTS

A) ANALYSIS OF COVARIANCE APPLIED TO A SINGLE FACTOR EXPERIMENT

Two prob lems c o n f r o n t  t h e  e d u c a t i o n a l  r e s e a r c h e r  on  a n a l y s i n g
h i s  r e s u l t s .  R o w  does h e  a s s i g n  observab le  e f f e c t s  t o  h i s  t r e a t m e n t s

w i t h i n  known l i m i t s  o f  e r r o r  and what  a r e  t h e  assumpt ions u n d e r l y i n g
h i s  a n a l y e i s ?  F o r  a  r e s e a r c h e r  i n t e r e s t e d  i n  t h e  a n a l y t i c  s e p a r a t i o n
o f  c a u s a l  v a r i a b l e s  s o  t h a t  changes i n  e d u c a t i o n a l  p r a c t i c e  c a n  be
c o n t r o l l e d ,  t h e  s t a t i s t i o a l  a n a l y s i s  be low has  t h e  d isadvantage  t h a t
a o o r r e l a t i o n  between two  s e t s  o f  s co res  i m p l i e s  a  f u n c t i o n a l

r e l a t i o n s h i p  b u t  does  n o t  i m p l y  a  c a u s a l  r e l a t i o n s h i p .  C o n s i d e r a t i o n
w i l l  now be  g i v e n  t o  how t h e  a n a l y s i s  o f  cova r i ance  a p p l i e d  t o  a  s i n g l e
f a o t o r  exper iment  a l l o w s  t h e  a n a l y s i s  o f  t h e  v a r i a t i o n  o f  t h e  p o s t - t e s t
means t o  b e  made independent  o f  v a r i a t i o n  i n  t h e  p r e - t e s t  means35.

The b a s i c  s t r u c t u r a l  model  f o r  t h i s  s i n g l e  f a c t o r  exper iment  i s
assumed t o  b e s -

u +  T j  +  B e i

Yi  s  a  c r i t e r i o n  s c o r e
i s  a n  unknown c o n s t a n t

T j  i s  c o n s t a n t  f o r  a l l  e lements  w i t h i n  a  t r e a t m e n t  p o p u l a t i o n  b u t  may
d i f f e r  f o r  d i f f e r e n t  t r e a t m e n t  p o p u l a t i o n s  depending o n  t h e
d i f f e r e n c e  between t h e  means o f  t h e  t r e a t m e n t  p o p u l a t i o n s .

Eej  i s  a  component depending upon u n c o n t r o l l e d  sources  o f  v a r i a n c e .
As t h e  p u p i l s  observed a f t e r  each t r e a t m e n t  were ass igned  a t
random t o  t h e s e  c o n d i t i o n s  one has  some degree o f  assurance t h a t
the  e r r o r  e f f e c t s  w i l l  b e  independent  o f  t h e  t r e a t m e n t  e f f e c t .

We w i s h  t o . a s s i g n  d i f f e r e n c e s  i n  t h e  p o s t - t e s t  means, to  o u r  t r e a t m e n t s
indopendont o f  v a r i a t i o n s  i n  o u r  p r e - t e s t  r e s u l t s . .  T h e  method used t o
ad jus t  t h e  p o s t - t e s t  s c o r e s  f o r  t h e  i n f l u e n c e  o f  t h e  p r e - t e s t  s c o r e s

was t o  c a l c u l a t e  t h e  average e f f e c t  o f  a n  i n c r e a s e  o f  1  u n i t  i n  t h e
c o v a r i a t e l  t h a t  i s ,  t h e  p r e - t e s t  s c o r e  u p o n  t h e  v a r i a t e ,  b y  a  r e g r e s s i o n
a n a l y s i s .  T h e  f o r m  o f  t h i s  a n a l y s i s  i s  i l l u s t r a t e d  b e l o w.

I n  t e r m s  o f  a  l i n e a r  r e g r e s s i o n  an  a d j u s t e d  c r i t e r i o n  mean has t h e

f o l l o w i n g  f o r m s -

-  b  ( X i

where b  i s  a n  e s t i m a t e  o f  B t h e  p o p u l a t i o n  l i n e a r  r e g r e s s i o n  o o - e f f i c i e n t .



We oan  o b  a i n  t h e  a d j u s t e d  o r i t e r i o n  m a n  i n  te rms  o f  t h e  b a s i c  l i n e a r
model unde r l y i ng :  t h e  a n a l y s i s  o f  v a r i a n o e -

U T J

The i . n f l uenoe  o f  t h e  e o v a r i a t e  b a  been r '  b y  l i n e a r
r a g r  n i o n .  T h i s  means t h a t  t h e  v a r i a t i o n s  i n  t h e  a d j u s t M  c r i t e r i o n  means
are n o t  i n d e  e n i e n t  and  t h e r e  i s  samp l i ng  e r r o r  i n  t h e  e s t i m a t i o n  o f  B .

For t h e s e  reasons  t h e  v  r i a t i o n  i n  t h e  a d j u s t e d  o r i t e r i o  m e a n s  a r e  no t
used i n  t h e  t e s t s  o f  s i g n i f i o a n c e  b u t  t h e  r e s i d u a l  sum o f  squares  i s  ussd
t o  p r o v i d e  v a r i a n c e  e s t i m a t e s  f o r  t h e  F  r a t i o .  I n  t h i s  a n a l y s i s  t h e
r e s i d u a l  v a r i a t i o n  abou t  a n  o r e r a U  r e g r e s s i o n  l i n e  i s  d i v i d e d  i n t o
two p a r t s .  O n e  p a r t  i s  a  f u n c t i o n  o f  w i t h i n  C lass  r e s i d u a l  v a r i a t i o n ,
the seeond p a r t *  t h e  redwood sum o f  squares  due t o  t r e a t m e n t s  i s  a

u n c t i o n  o f  between o l a s s  v a r i a t i o n .  T h e  assumpt ions o f  t h e  a n a l y s i s
e t h a t  t r e a t m e n t  e f f e c t s  and r e g r e s s i o n  a r e  a d d i t i v e  w i t h  t h e

i m p l i c a t i o n  o f  homogenei ty  o f  w i t h i n  c l a s s  r e g r e s s i o n .  T h e  assumpt ion
i s  a l s o  made t h a t  t h e  r e s i d u a l s  a r e  n o r m a l l y  and i n d e p e n d e n t l y
d i s t r i b u t e d  w i t h  s e r e  means and t h e  same v a r i a n c e s



HYPOTWSIS TES'ED USING STATISTICAIj ANALYSIS

HYPOTHESES F.  observed
F. f o r  significance

at . 05  leve l

.1002 3.23

2 2.99 4.28

2.86 4.28

4 .47 6.61

.22 6.61

7.30 6.61

7 2.87 6.61

8 6.17 5.59
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Rypothesi  11 —  N o  d i f f e r e n c e  between t h e  ,  m e a n s  f o r  t h e  t o t a l

ereup s c o r e s .
The r e e u l t a n t  P  1 s  o f  .1OO2 was expeoted  a s  t h e  p u p i l s  had

been randomly a l l o c  o  t h e i r  g rouper  a  f a c t o r  wh:
should ensure  no  d i f f e r e n c e  between t h e  means

p r e - t e s t  r e s u i t .

Hypothese A d i f f  r ence  between t h e  n s  f o r  t h e  t o t a l
scores o f  g roups  1  and  3  and  2  and  3 .
Al though t h e  g a i n  sco res  were  h i g h e r  f o r  t h e  t r e a t m e n t
than f o r  t h e  c o n t r o l  g roups  t h e  a n a l y s i s  o f  cova r i ance
d i d  n o t  d e t e c t  a  s i g n i f i c a n t  d i f f e r e n c e  between t h e
v a r i a t i o n  i n  t h e  p o s t - t e s t  s c o r e s  wb i ch  was

l e v e l  o f  s i g n i f i c a n c e  i s  t h e  i n s t r u m e n t  u s e d .
at tempt  t o  s i m p l y f y  t h e  i n s t r u m e n t  to ,  measure t h e
major  change w h i c h  wou ld  e e l s  oocu r red  i f  t h e  s c i n t i
o b j e c t i v e  hee been a t t a i n e d ,  t h e  i n t e r v i e w  i s
i n s e n s i t i v e  t o  oheneee wh i ch  may have o c c u r r e d  i n  t h e

adolescents  unders tand ing  o f  t h e  f a c t o r s  i n v o l v e d
i n  t h e  expe r imen ts .  I t  i s  proposed i n  f u t u r e  t o

supplement t h e  i n t e r v i e w  w i t h  a n  o b j e c t i v e  t e s t  wh i ch
may perhaps ee more, sees  t i v e  i n  d e t e c t i n g  changes i n
s c i e n t i f i c  t h i n k i n g e

e lendent  o f  t h e  p r e - t e s t  soo ree .  T h i s  n e g a t i v e
t  c o u l d  b e  e x p l a i n e d  i n  s e v e r a l  ways .  O n e
t  wh i ch  i s  sometimes f o u n d  w i t h  t h i s  e x p e r i m e n t a l

des ign i s  t h a t  t h e  p r e - t e s t  h a s  a  s e n s i t i z i n g  e f f e c t
on t h  s tLb3ec t4  h e  e f f e c t  due  t o  t h e  p r e  t e s t
cannot b e  removed due t o  t h e  d e s i g n .  I t  cou ld . ,
however'  b e  accounted  f o r  i f  a  Soloman f o u g r o u p s
des ign  had been used a n d  i t  i s  suggested t h a t  t h i s
des ign  i s  eummt e n  l a r g e  s c h o o l s  where t h e  p u p i l s  c a n

be randomly  a l l o c a t e d  t o  f o u r  groups w i t h i n  an  a b i l i t y
band o r  i n  a  s c h o o l  w i t h  mixed a b i l i t y  g roups .  T h i s
l a t t e r  system i s  p r e f e r a b l e  a s  i t  wou ld  a l l o w
randomisat ion  w i t h i n  a  y e a r  g r o u p .  T h e  seeond f a c t o r
which c o u l d  accoun t  f o r  t h e  n  w t v e  r e s u l t  a t  t h e  5%

I n  a n
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Hypotheses 4 and  5 : -  N o  d i f f e r e n c e  between groups  1  and  3  f o r
unguided d i s c o v e r y.  N o  d i f f e r e n c e  between groups

2 and 3  f o r  unguided d i s c o v e r y.
The P  v a l u e s  o f  . 4 7  and  . 2 2  gave n o  d i f f e r e n c e

between t h e  t r e a t m e n t  and  c o n t r o l  g r o u p s .  T h e  p u p i l s
d i d  n o t  d e t e c t  t h e  c a u s a l  c o n n e c t i o n  between t i m e  and

l e n g t h  even though  t h e y  had c a r r i e d  o u t  exper iments
f o l l o w i n g  i n s t r u o t i o n  shee ts  4  and 5 .  T h i s  r e s u l t
corresponds t o  P i a g e t l s  a s s e r t i o n  t h a t  p u p i l s  a t

eleven y e a r s  o l d  w i l l  b e  unab le  t o  i s o l a t e  v a r i a b l e s
and d i s c o v e r  c a u s a l  c o n n e c t i o n s .  T h e  n e g a t i v e  r e s u l t
cou ld  be  due t o  t h e  method o f  ungUided d i s c o v e r y  used.
The exper imen ts  were des igned  t o  e s t i m a t e  and measure
t ime .  I t  was hoped,  however,  t h a t  t h e  p u p i l s  w i t h
the h e l p  o f  t h e  i n s t r u c t i o n  shee t s  wou ld  d i s c o v e r  t h e
f a c t  t h a t  mass has  n o  e f f e c t  o n  t h e  p e r i o d *  a n d l e n g t h
i s  t h e  o n l y  c a u s a l  v a r i a b l e .

Hypotheses 6  and  7 : -  T h e r e  w i l l  b e  a  d i f f e r e n c e  between groups  1  and  3

and between g roups  2  and 3 .
The p o s i t i v e  r e s u l t  f o r  h y p o t h e s i s  6  i s  a s  expec ted ,

the expe r i ence  o f  knowing how t o  b u i l d  t h e  m i l k s t r a w
machine has  produced a  s i g n i f i c a n t  c h a n g e .  I n  g roup
21 however,  n o  s i g n i f i c a n t  change  was p roduced .  T h e

main reason  f o r  t h i s  i s  t a o u g h t  t o  b e  t h a t  g roup  1
spent one  h o u r  more e x p e r i m e n t i n g  w i t h  t h e  m i l k  s t r a w

machine t h a n  g roup  2 .

Ilypo s i s  8  -  T h e r e  w i l l  b e  a  d i f f e r e n c e  between g roups  1  and  2 .
The F  v a l u e  o f  6 . 1 7  shows a  s i g n i f i c a n t  d i f f e r e n c e
e x i s t s .  T h e  g r o u p  r e c e i v i n g  s p e c i f i c  t r a i n i n g  showed a
marked improvement i n  t h e i r  comprehension o f  t h e
connect ion  between t h e  two  v a r i a b l e s  and  t h e  p o s i t i o n

o f  ba lance  o v e r  t h e  g r o u p  wh ich  r e c e i v e d  gu ided  d i s c o v e r y.
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The s t u d y  has  demonst ra ted t h e  f e a s i b i l i t y  o f  c a r r y i n g  o u t
t h i s  t y p e  o f  r e s e a r c h  w i t h i n  a  s c h o o l  w i t h  a  t e a c h e r  as  e d u c a t i o n a l

resea rche r.  I t  h a s  n o t  d e t e c t e d  t h e  s t a t e  o f  f o r m a t i o n  o f  s c i e n t i f i c
concepts o r  i s o l a t e d  and q u a n t i f i e d  c a u s a l  v a r i a b l e s  i n  t h e  t r a n s m i s e i e n

o f  v a l u e d  knowledge* T h i s  wee p r o b a b l y  due t o  t h e  i nadequa te

ins t ruments  used .  S u c c e s s ,  where  t h i s  s t u d y  has  f a i l e d ,  c o u l d  r e s t
upon t h e  development o f  r e l i a b l e  t e s t s  o f  fundamenta l  and r e l a t i o n a l
concepts w i t h  c o n t e n t  and  c o n s t r u c t  v a l i d i t y ,  A s  a  f i r s t  s t e p ,  v i s u a l ,
v e r b a l  and  w r i t t e n  r e c o r d s  c o u l d  be  ga the red  o f  c h i l d r e n  and ado lescen t s

do ing s c i e n c e ,  s o  t h a t  educa to r s  b e g i n  t o  deve lop  o p e r a t i o n a l  d e f i n i t i o n s

o f  what  meanings c h i l d r e n  c o n s t r u c t  f r o m  t h e i r  expe r iences ,  T h a t  i s ,
the r e s e a r c h e r s  need t h e  o h i l d ' s  a c c o u n t .  G r o u p s  o f  i n f a n t s ,  c h i l d r e n
and ado lescen ts  c o u l d  be  s t u d i e d  a s  t h e y  p rog ress  t h r o u g h  p r i m a r y  and
secondary s c h o o l s .  V i d e o  t a p e s ,  a t t i t u d e  and i n t e r e s t  t e s t s  t o g e t h e r

w i t h  t e s t s  o f  c o g n i t i v e  a t t a i n m e n t  c o u l d  be  used t o  measure t h e  e f f e c t s
o f  t r e a t m e n t s  o n  t h e -ado lescen ts  consc iousness .  W e  may t h e n  be  i n
a b e t t e r  p o s i t i o n  t o  s t a t e  what  changes i n  c h i l d r e n  and ado lescen t s
thc t r e a t m e n t s  i n  s c h o o l s  a r e  des igned  t o  p roduce ,  t o  measure t h e
changes produced and t o  a l t e r  t echn iques  s o  t h a t  t h e y  a r e  more e f f e c t i v e
i n  p roduc ing  t h e  d e s i r e d  r e s u l t ,  t h a t  i s ,  s c i e n t i f i c  u n d e r s t a n d i n g  i n

c h i l d r e n  and a d o l e s c e n t s .
The p o s s i b i l i t i e s  o f  c a r r y i n g  o u t  t h i s  r e s e a r c h  could. depend

upon t h e  c o n t r o l  o f  e d n e a t i o n t  a b o u t  w h i c h  l i t t l e  i s  known. I t  i s
perhaps u n j u s t i f i e d  t o  i n f e r  t o o  much i n t o  t h e  f a c t  t h a t  o f  111  p r o j e c t s
repor ted  t o  t h e  Schoo ls  C o u n c i l  Document P r o j e c t s  i n  June 1971,
76 were s i t u a t e d  i n  U n i v e r s i t i e s ,  11  i n  Co l l eges  o f  Educa t i on  and
2 i n  Schoo l s .  T h e s e  f i g u r e s  w o u l d  seem t o  be  a n  i n d i c a t i o n ,  howeve r,
o f  a t  l e a s t  one  l a r g e l y  unquest ioned assumption36# e d u c a t i o n a l  r e s e a r c h
i s  b e s t  done i n  U n i v e r s i t i e s .  I t  may be  t h a t  t h e  e f f e c t i v e n e s s  o f  t h e
t ransmiss ion  o f  va l ued  knowledge w i t h i n  s c h o o l s  wou ld  be  improved  b y
s i t u a t i n g  more p r o j e c t s  w i t h i n  schoo l s  w i t h  t e a c h e r s  a s  e d u c a t i o n a l

researchers .
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