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ABSTRACT

This study prssents the case that a shift is needed in the
type and situation of sducational research in this country if
pragmatic knowledge of educative processes within schools is to be
discovered.

In Chapter One the importance of experimentation in normal
socience follows a desoription of the rational, empirical and
pragmatic philosophical approaches to knowledge and eriteria to
distinguish educative processes. It is then suggested that the
methodologies of the cognitive theorists and experimentalists,
illustrated by the work of J. Piaget and the principles of
peyehologieal testing, statistical inference and experimental
design, should be combined in the scientific analysis of educative
processes,

in Chapter Two the importance of concepts in the transamission
of valued knowledge is illustrated by experiments on the effects
of maturation and experience on concept development, Ressarch
designed to isolate causal variables in the transmicsion process !
is deseribed and a study suggested for teachers who wish to ineresse |
the effectivensss of the transmission of valued knowledge. This
involves the tazonomies of Bloom and Piaget being used together, to
give content and construct validity to pesyshologiecal tests.

Research to test the fsasibility of a soientific investigation
into the transmission of valued knowledge within @ohools is given
in Chapter Three. This involves the use of a pre-test post-test
with control group design and a standardized interview o gather the
data. The data is processed using the analysis of covariance, and
hypotheses ars tested to deteot if changes in conseiousness can be
aseribed to experiences arranged for the pupils. In conelusion 2
it is suggested that teachers become sducational researchers to
improve the effectivensss of the transmission of valued knowledge
through discovering pragmatie knowledge of educative processes
within schools.
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'CHAPTER _ONE

THE SCIENFIFIC ANALYSIS OF EDUGATIVE PROCESSES

Individuals in Britain experience eleven ysars compulsory
schooling from & life expectancy of about 70 yearel. This denial
of freedom may be justified on the grounds that it is in the
individuals interests to bedome educated. If e teacher is seriously
‘aauoarnaﬁ to prove that the experiences he arranges for his pupils are
in fact educative he will need knowledge of educative processes. To
clarify what is meant by knowledge of educative processes, criteria to
distinguish processes ag educaitive and the rational, empirical and
pragmatio philosophiocal approaches to knowledge are described below,

Edueative processes may be distinguished as involving the
transmission of gsomething worth while %o those who are committed to
it, some degree of gognitive perspective which is not inert and
gertain procedures of transmission are ruled out on the grounds that
they lack wittingness on the part of the pupil®, When a process has
been distinguished as likely to bs educative the researcher has the
‘pxohlam of discovering knowledge of the progess.

The concept of knowledze has several interpretations and the
pragmatic approach is selegted as more appropriate to solving the
problems posed than the rational or empirical for the following reasons.

The ratinnaliat3 accepts mathematics for his model as the truths
are general and necessary and may be established by deductive chains
linking them with self evident basie truths. The empiricist accepis
natural science as the model where naturasl phenomena are revealed by
experience and not disclosed by intuition nor are their inter~
relationships derivable from self evident axioms. The pragmatist
stresges the experimental character of empiricsl science putting great
emphasis upon the active phases of experimentation. I am using the
jidea eof axparimantation4 not in the derogative sense used in many
institutions meaning to treat children as guinea pigs for any innovation
that comes along but treating the experiment as the only means of
settling disputes regarding educational practice, as the only way of
verifying educational improvements and as the only way of establishing
a cumulative tradition in whioch improvements can be introduced without

the faddish discard of old wisdom in favour of inferior novelties.
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To solve the problema of proving that experiences are educative
and discovering oonditions which optimise the effective transmission
of worthwhile knowledge one must learn something aignifiﬁaa%z about
the world. 'That is one must do more than operate logieally upon
basio truths that appear to us self evident and we must go beyond
reasonable gensralisation of observed phenomenal patternms in our
past experience. For these reasons and the faot that experimentation
involves the active transformation of the environment in a manner
diotated by leading ideas put forward in response to problems and
direoted toward the resclution ag_th&aa‘yxﬁblams,'thn pragmatiatuis
sonsidered most likely to dina&v&f & solution to the problems above.
This ohoioce must ultimately be desided as all questions of seientifie:
theory are settled by finding out what theory best fiis the knowledge
dissovered by experimental rcsaarahﬁu

‘How this knowledge may be discovered may be unéexaﬁuaa by
eongidering what is meant by normel science and the methodologies of
two major theoretical orientaiions in psychology, the cognitive
theorists and experimentalists. A ¢ase will be presented later %o
show that the two methodolgies must necessarily be combined in the seien—
$ific analysis of educative processes. ; ‘

Normal smianeaéﬁaaua regearch firmly based upah one or more past
seientific achievements. This fact-gathering researech makes a claim
to empirical knowledge partly because it involves &iseaverx through
progesses of contreolled inference. The facts gathered may be aﬁaaaifia@
as those whioh past achievemenis have shown to be partioularly revealing
of the nature of things, facts concerned with the &;ﬁaéﬁ comparison
with prediction from theory and those which attamg$ ﬁu articulate
theory. whenmyj‘meang in all empiriecal sciences ﬁha smpirical
formulation of determinate relations between a set of variables
in terms of whieh‘a fairly extensive class of empirically ascertainable
regulari@iaa ean be explained. :

The pxagmatia theory of knowledge invelves the mxn& aa aﬁkivaly
solving problems and siresses experimentation as part of the
validating ﬁxﬂeaaszq The two methodologies concerned with the




mind aa actively solving problems and experimentation, are connseted
with the cognitive theorists and experimenislists respeotively.
 Cognitive theoriets’ are concerned with the developmental
changss that ocour in thinking snd concept formstion within the human
organism, whilst the experimenialists have attempted to @avalap a8
goienoe of cognitive abiiity baszed solely upon quaﬁﬁifiabla
bakaviwunw The latter have used standardiged a%jaetive tuaﬁu; ‘developed
sap&iakiaataa experimental éﬁsigma and statistical aaalya&a but failed
to giva ﬁuaguivnﬁal answars 1o thﬁ quesjions to which they were directsd.
it is kmp@d to show later thit these two methodologias muet
necesssrily be combined in the ssisntific analysis of eduscative
processes ‘after the methods sad finding of J. Piaget’ are contrasted
with the prinociples of psyohological testing and statistical inference
used in an experimental study into raa&aug ﬁ%anaaw&sia
~ The diseoveries of the aagnaﬁavu theorists led by J. Piaget
may gupport the ﬁlﬂiﬂ tk&ﬂ they huve offered a unified comprehensive
tnsexy‘ef menial &avalwyw&nt in the normal ahil&g. Theix methodolog;
amy&aaiﬁam obeervation, cuesiioning and verbslisation af ahiz&rnn in
8 naturslistic setting. A brief deseription of some important idess
of Pisget on the development of soientific thinking including those
of msohems sod operation, precede soné data, the stages and the
olassification of the légical operations at the stage of formal thought.
A schema'l ia & cogaitive structure which has reference %o a |
class of similar sotion sequences, these sequences of necessity being
strong~bounded totalitisa in which the constituent bebavioursl
elements are tightly interrvelated. Concepts, deseribed later, vefer
to osognitive structurss not necessarily linked %o asotions, whilasb
sohemad pefey to the wotor squivalent of s system of relations and
olasses, ¥hen cognitive sotions are arranged into olose-knit
totalities, with definite strong structures they are called operations.




Piagat9 classifies soientifia_ihinkins into three stages with
sub~stages within each stage. In stage 1 although ochildren
demonstrate by their behaviour that they know how to aect in the
experimental situation sometimes successiully, they never internalize
* their aotions as operations, even as oconcrete operations. By
eontrete operations he means agtions which are integrated with other
agtions to form general reversible systems, The conorete operations
distinguish stage 2. Reasoning is through olass inclusion operations
. whioh allow the systematic distinotion between 'ALL' or 'SOME" by
means of the reversible addition A 4 A' =B, B - A' = A, which
implies A is less than B. As a result of this operation the pupile
become sensitive to contradiction and by co-ordinating two classes
perceived as distinct can formulate a double entry table which allows
relational operations. The pupil's logical apparatus can be viewed
as composed of concrete class and relational operations. In ocontrast
propositional operations which distinguish stage 3 from stage 1 and 2
consist in combining verious empirical associations on which _
multiplicative classes are based in all possible ways. This type of
thinking is believed to give rise to both the deductive capacity for
demonstrative reasoning and the experimental capacity for the isolation
of the relevant variables as each one may influence the end result,

The data, stages and classification which follow illustrate the
method and some findings of Piaget and Inhelderg. The subject's
task was to predict the stopping pointe while varying the sigze and
weight of the balls and to explain the observed movement. The
researchers took the assertions and tried to reduce them to logical
formulae to see in which cases the subjeois reasoned through
arrangements of classes énd relationships and inkwhioh cases they
used propesitional operations. The assertions have been separated
from the stages and sub-stages which Piaget believes charaoterise
the assertions as an example of how difficult it is to decide using
linguisitic eriteria into which stages the assertions should be placed
ag in many cases language remains implicit and the subjeoct does not
disentangle the details of his inference.



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. '

A (,5 ;4)_tries to prolo.ng, or to stop the motion of.‘the'ball by framing yap (10 years), referring to a zone of dispersion of about 20 cm., says
it with his hands, which are placed parallel to it without touching. of one ball, “It is too heavy to go any further” [than the extreme point]

Sometimes the small and sometimes the large balls are supposed to g0 but at the same time “it is t00 light” to come to rest before the zone.
the furthest, the first because they are light. and the second because C -

they aré-heavy, but when a heavy
it's too heavy.” P '

BREI (6;4): “Will they all go the same distance?”—“No, there are
some that will go further.”—“Which ones?”—"That one” [small wooden
ball].—“Why?”"—“Because it’s smallér.”—“Are there others which will go
further?”—“That one [also a small:wooden ball], because it’s smaller,
and that one” [large, copper].—“Why that one?”—"Because it’s bigger,
and ‘tkat 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 balll, because it’s smaller. 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
its’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.” It is
evident that the small ones are expected to go near or far [from 7-8
0 24] because they are small and the large ones near or far [from 5-6
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: “I¢ 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 oneP” [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. . . . The three little ones won’t go as far as the big ones.”

PIR (7 ; 6): “Some of them will go further than others.”—“Why?"—“This
me will go further because it is big and that one less far because it is
small [the first one is put in motion]. It’s less far than I thought.”—
“Why?”—“Because it’s heavy.” : o

vic (8 ; 0): “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,

ind made of iron.”

gaL (8 ; 3): “The big ones won’t go as far because the little b_nés are
ighter.” 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

have the same weight.” ‘

10R (8 ; 6): “This one [large, aluminum] will go further becaus@.itais
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?”—"I didn’t push
it hard enough.” Next the large wooden ball: *Ji will go all the way to
the bottom because it’s light.” .

one does not go far, it is “because maL (12 ; 3):
' | [spring] hard” [experiment]. “So, why didn't it go further?”—"“Yes,
[ but it’s a bad stretch [plane insufficiently smooth]; it won’t go so far.”

“For a ball to go far?”—“You have to pull the trigger

cuap (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?"—“I’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?”—"I don’t know.”

MEeT (13 ; 3): “The air keeps it back and it doesn’t go as far.”

pEV (14 ; 6) from the first experiment [large wooden ball]: “It stopped
because the gir resists.”—“And this one?” [a small wooden ball, pre-
diction].—“I¥’s about the same, but the ball is smaller: 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 it has force in itself” [weight = forcel].—
[Experiment] “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 [1].”~“And if you com-
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. . . . This ball [brass] is heavier and there will be more
friction.” Conclusion: “And if there were no air resistance, the bali
would continue to roll.”

RAS (14 ; 4) “Theoretically it should go to the end, but it's completely

~ illogical” [he means by illogical that which is contrary to the facts o
- 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.”

pESB (14 ; 9): “If you send them off with a push of the same sirength
# [resting point] depends on weight, friction, and volume.” Next, h
doubts that volume plays any role, but in comparing a small and
large ball, he says: “The small one will go better because it has les
friction, less air resistance.”“That’s all?”—"If it’s truly horizontal.”
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Stage I. Absende 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
ie problem of floating bodies (Chap. 2)—i.c., with 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
ey are stronger; or there is Ar_iq{,-r'notion without force (the force
siding in the moving body .ox the force of the mover) and the
otion 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
hieve a greater coherence but relate all types of motion to a sort
animated force. . o

Substage II-A. Attempts to Eliitinate 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 .
rrect), 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
nder conditions when the latter is heavy and when it is light.
In spite of the effort to eliminate them, a residue of contradic-
»ns 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
ies have less force but are more easily launched.

Substage 1I-B. The Begmnmg of the Reversal of
the Problem in the Direction of the Causes of '§§ow-
ing Down o

1e explanations used at this level are not different from the pre-
ding omes, in spite of the increasing but fruitless effort to wnify
e factors. However, since the child is increasingly sensitive: to
ance 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. ¥fore
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
«derstand that the variability of 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: :

~even here the

0 -

‘ -
This kind of assertion shows ¢learly that the subject tends to
invert the problem of motion. But he is that much less likely to
In particular, be thinks of the air as promoting the motion by
current backlash (dvrireploracit) rather than as an obstacle.

§ Substage I1I-A. Explicit 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 theit attention on the catses 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, it 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 III-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,
re the siibject -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 néw lirie of attack. Time after time he fails to determine
all the relevant variables simultaneously. Thus, cxap discovers
the factor of air resistance but fails to think of the friction for the
heavy balls.'MAL does the opposite, etc.

§ Substage I1I-B. Conservation of Motion

Finally, substage III-B leads to the fundamental explanation
which results from the reversal of the positions taken at substage
III-A: the conservation of motion by inertia. It 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}:\!yith the “intellectual mutation,” as A. Koyré 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 lea:st, a personal reconstruction
of what they liad learned: |~ ../ |

),‘
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The. protocols show that the reésonf_ng which leads to the con-
rvation f’f motion is extremely simple and is furnished in the
ost explicit form by pev. The first stage consists of establishing

e causes of the balls’ slowing down or stopping. If we let p be
¢ statement concerning slowing down or stopping, and let

7, 8, t, ete, be statements of friction or air resistance, irregu-

rities of the

e track, of an eventual lack of (perfect) hotizontality,
c., then: o Lo e

’

(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-
wation of motion: RIS

pO(gvrvsvev...).

, (7.?55 o e o Df). -_ o . : (2)
It is interesting to compare this form of conservation, which is
ecific to formal thinking, with numerous concrete forms of con-
rvat_igxﬂwholes, lengths, weights, etc.; conservation of volume
\d surface area imply formal thought only because of the pro-
rtions). In both cases, conservation is achieved because of the
le 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
il 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
\d could in fact be carried out by the subject. For example,

e transformation of a stretched-out section of modeling clay can

> 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
respond to any transformation which can be realized in full
v the subject even in a laboratory situation. Even if one could
iminate all the causes of slowing down (though it is in fact
npossible), one would still have to make use of an infinite athount
¢ space and time to verify the principle of inertia completely.
evertheless, the substage III-B subject manages to discard
entally the causes of stopping by thinking in terms of what is
eoretically possible (but which cannot occur in fact) or, in

ons.

ther words, in terms of purely hypothetico-deductive: implica-

! |
.
Having done this, once more a: reversible operatica—(1) and

(2)—suffices; here it is the counterposition (equivalence of pDgq
and §Dp), but in this case it rests on the double megation of

(pvqvrv...) resulting in (p.g.7. .. .) (thus of p or q or

7 .. . resulting in neither p mor g mor r . . .) and of p result-
ing in p. R ‘ . S

One may, if one wishes, say that this reversibility comes back
to the famous principle tollitur causa, tollit 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 4 (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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_FOR _THE STAGE OF

FORMAL OPERATIONS

Propositions to Indicate

P 5 Symbolic Relationship Between Twe
1 Representation Onaration Variables p and g
]t - | Either p is tru is
- s oo P is true or q is
+ |0 PavRIvRL Disjunction true or both ars true
010
o | + P g Inverse of (1)
Conjunctive negation |It is neither
+ |0
P q
010 Conjunction Both are effective
O * L] —-—— —c
. -~ pavpavpe q Inverse of (3) Either p is false or q is |
Ul ‘ | Incompatibility false or both are falge
*« * — S —— h °
o+ pavpavp 4
Impligetion P implies q
2124 q g
T 0 Inverse Implication p does not imply g
 Converse Implication |g implies p
v Pa , .
9 10 Inverge of 7T g does not imply » |
= :
] O |
0 _| T | paved Eguivalence P is equivalent to g
T pavpd Inverse of § :
0 Reciprogal Exolusion |When p is true ¢ is false |
tlo -
v
t o PavR 4 = P Independence P is independent of ¢
O + Ll O A
pavpa
o | 1 Inverse of 11 p is not frue
¥+ - |
PUvVPq = G
0 [ O Independence g is independent of p
0|0 _.__
I pavpq
‘ Inverse of 13 g is not true
+ + g meoe D VL
T Pavrpavpaveq
vt Tautology p is independent of q
0|0 '
Pavpavpavpeq
0 | 9O i Negation None of these cases ogcur
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The above methodolegy and discoveries of the cognitive theorists
may be contrasted with the methodelogy of the experimentalists by
considering the prineciples of peychological testing, statistical
inference and experimental design used inm a study into reading
standardsa, ( ‘ S

. & psychological test is essentially a standardized and objective
measure of a sample of bebaviourrs? Standardization implies
uniformity of procedure in administering and scoring the teat. The
shjeaetive evaluation invelves primarily the determination of the
‘relisbility and validity of the test in a specified situation. The
reliability of a test can be measured using the consistency of test
secores betwesn one administration of a test and the next. One
method of determining the reliasbility uses the internal consistency of
the test by whioh each item is considered as assisting toward the final
rank order to a degree dependent on its own variance. A high
reliability in the measuring instrument is important when one wishes
to attribute changes in a dependent variable to another variabls
in&@pandan# of the measuring instrument. = A test may, howsver, be
relisble bub fail to measure what it is yequired to measure. This
property of a test is its validity, and predietive, concurrent,
content and construct validity have been éistinguiahudqu Predietive
validity asks if test soores predict future performance and its
prineipal use is for selection and classification decisions.
Goncurrent validity asks if test scores permit an estimate of a present
performance and is used on tesits intended as substitutes for less
convénient procedures. Content validity asks if the test gives a
fair measurs of performanse on some imperiant set of tasks and is used
for achievement tests. Construet validity asks how the scores of
tests oan be explained psyobvulogieally and this is used for desorip-
tions or scientifie research. The imperﬁanga of content and
gonstruet validity for psyshological tests used to investigate
-educative procssses will be discussed in Chapter Two when it will be
svggested that Blﬁam’slé taxonomy applied to ithe conceptual develop.
ment of a subjeet and Piagat’&g clasgification of psychological
development should be applied together in resesrech designed to

isolate causal variables in educstive processes.
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The dats gathered from psychological tests is often processed
using statistical analysis from which inferences are made about the
significance of the data. Stetistioal analysisl5 inveives making
assumptions, obtaining a sampling distribution, selecting a
significance level and computing the test statistioc, Inferences
are often drawn about the empirical data from the resulis of these
testa.

_ The basic assuunption or model which is accepted when carrying
out one important statistical analysis is that any pupil's socore
can be regarded as made up of three parts, a part common to all
scores, a part characterietic of the particular method and a part
characteristic of the particular pupils, all of which are assumed to
be independent and additive., From the sssumptions a sampling
distribution may be obtained by purely mathematical reasoning. From
this distribution the exzaot probabilities that ceriain outcomes will
oscur if the assumptions are actually true can be datermihed, The
probability of obtaining the best statieitic, which is obtained from ;
the data, is usually determined and if thera is a one in a bhundred |
chance of obtaining this result by chance alone it may be deeided
that factors other than chance are operating. It is important to
realise that no causal connection is necessarily implied in this
snalysis. The relationships discovered are in terms of mathematical
funotions and it is the experimenter who infers causal relationships
from the processed data.

In experiments designed to isolate and quantify e¢ausal variables,
it is usual to measurs the effect of an independent variable on a
dependent variable. A true qusriment4 is designed with a conirol
gieup where the constancy of the independent wvariables allows the
unambiguous assignment of differences observed in the,&epandént
variable, to an independent variable in the treatment group, within
the limits of experimental error. The equivalence of the groups at
the beginning of an experiment should be ensured by the random
allocation of pupils, methods, teachers, schools ete, to their groups.
This may be a less than perfect way of ensuring equivalence but it

ig the best we have.



The practical spplication of the methods ocutiined above is
illustrated by the following recent research whose sim was to
measure reading standards and to compare these stendards with the
resuits frnm Previous SUrvVeys. The complexzity of the sxperimental
degign and sampling procedure may be inferred from the following
sxtract.

'  "Now we hud a sample of children derived by second stage
ganpling fraetion from s sample of sohools derived by first stage
sampling fraction from a strastified population of the schools in
the maintained and direct grant sector of our sdusstionzl aystem,
By working beckwards from the ohildren's moores through the second
stage compling fractioa (in thisz direction often eslled weightings),
we can make ostimates about schievements of children in sohools of
different type and size. Further, by working backwarde from this
igvel through the first stage sampling Lfraction we osn amake estimates
of national levels of reading comprehension of children in the
sountyy's sehnoln”lo.

The %atts Vernon and National Survey Form 6, (two silent
reading comprehension tests) were used t0 assess reading standards,
The Watts Vernon test is 23 years old with & reliability of .90,
There are 23 items and it tskee 10 minutes to administer. The NS §
is 16 years old with a reliability of .94. It consists of 60 items
and takes 20 minutes to sdminister. The items of both tests consist
of & sesntence with one word missing wnd the pupil iz reguested %o
pick the ons word out of a ohoice of five that makes the azentence
senasible,

Prom the evidence collected it was suggested that a drop im
reading etandurde had cococurred betwesn 1964 to 1971, There was
some diffisulty in interpreting the results as over a quarter of
the schools randomly sllocated to testing groups did not take part
in the experiment. It is also pointed out that nmuch of the discussion
about the results hinges on the appropristeness of the measures of
reading couwprebension and the author emphmsizes that the tsats wers
usad not aa & means of making Judgements sbout individuals hut to

assops changes in standards of whole populations.
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I% is hoped that the methodologies and findings described above
illustrate the difference between the methodologies of the sognitive
theorists and experimentalisis. By experimentalists I am simply
réfarriug to researchers who employ the principles of paychologieal
testing, statistical inference and experimental design in their
studies of educative processes. Unfortunately there has been no
national study into ssientific thinking using the experimentalists
methodology to conitrast with the findings of cognitive theorists,
who stress the mind as actively solving problems, The elimination of
the concept of mind from much contemporary psyuhe19335 is a matter of
concern to this researcher who follows Burt's opinion that the
diffioulties about conseiousness arise out of talking about it as if
it were a substance or aitribuie ratherthan as relation, For the
seientist there should be no doubt that the problem of interaction of
mind and matter is a real problem and not a pseude problem arising
out of confusion in the use of words. Ultimately, however, as
stated previously, this must be settled by experimental research.

It will now be argued that scientifio researeh into educative processes
implies the use ¢f hoth the above methodologies. E&ueativa processes
within schools involve the transmission of valued knowledge to
children and adolescents. Teachers attempt to arrange experiences
for the child which enable valued knowledge to be comstructed by

the child. Researchers need to assess these meanings given to
experisnces by the child if they are to prove the experiences are
educative and wish to optimise the effectiveness of the transmission
process. The cognitive theorists emphasize the meanings given by
the ehild to his experiences and their findings could be used to give
construst validity to the tests. A method of giving content and
congtruet validity to the tests is desoribed in Chapter Two,

To show that the independent variables, that is, the experiences
arranged by the teacoher, affect the dependent variables, i.e. the
meanings constructed by the child, one needs the methedology of the
gxperimentalists. The methodology of the cognitive theorists is
needed to detect and measure changes in the state of consciousness
whilat the methodology of the experimentalists can aseribe changes
in consciousness to independent variables within known limits of

erreX.
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Both methodologies ars thus needed in the scientific analysis
of educative processes.

The folleowing chapier vonsiders research into the transmission
of valued knowledge and a study is suggesited whieh would combine
both methodolegies in the analysis of transmission processes.



CHAPTER _TWO
- THANSHITPING VALUED KNOWLEDGE

In schools knowlsdge is often transmitted through subjecta
‘which may be grouped within moral, historiocsl; mathematical,
soientific snd asesthetic forms of knowledge distinguishable by
 their frameworks; coancepis and asthoda of Valiﬁaﬁianl?a The fast
that s0 little is known about the formation of relational concepis
_whish are thg bases of svientific thinking has recently puszsled the
Sohools Qeuneilla. Present knowledge of how scientific concepts
develop is illustrated by the experiments which follow the brief
analysis of what is meant by a sonsepi.

Undepstanding what it is t0 have & concept covera both the
experience of grasping s principle and the sbility to disceriminate
and use words earzsetly19» This puts eamphsasis on philosophy as
an activity whioch must ve learnt and understood. It is not
sonsidered as the explication of the prineiples through language but
rather the experiencing of them in sotion in langusge. 4 aaneagtaa
enablesa person to relate previous learning to current situations

arising within the persons present szperience and they are farme&al
as a result of the peyseption of the oommon qualities or saspesets of

roelated objects, msteriale or phenomena. An exampls may help %o
distinguish betwoen a concept and the connescted notion of a percept.
The harvest moon near the horigon sppears much larger than the moen
seen high in the aky. %e perceive the difference but the concept

of invariance ensbles us %0 juige the sie of objests and the moon
is not thought 40 shange sisze just becasuse it sppears to do 0. The
method of snslysing related ooncepts often helps to slarify the
congepts with whieh one ie primarily concerned. When one is clear
about what is meant by a soneept it is often useful to deteet the
state of formation of concepts and to investigate methods which
might accelerate their development. Seversl of the experiments below
iliustrate these problems.

The state of fbréagian-ﬁf'ﬁanaamen%alvaaﬁeapta‘ef matter,
weight, lengih, area, wal;ms,“syaae,-time, velocity, physical causality
and logiecal thinking necesaary to understand the soientific nature
of thinge has been detected by conservation exparimeatell. in these
oxperiments the fors of a liguid or object is changed or displaced and

guestions asked to ses if the child has cousarved the quantiity.



Piaget atiaches primary imyarﬁanaé 1o conservation and has de&@ribe&
it as a necessary gondition for all raﬁional aotivity. ?ha fellowing
~ studies were undertaken to &etawt the effects of maturatimn and
exparaan@a on the development of sa;antifzm aoncepts.
| , Beutaakazg studied 700 children beﬁwaan the ages of 8 anﬁ 16.
k%hey were asked quaaﬁians baged upon thnae used by Plaget to investigate
 eausal relations. ‘She believed that thn children gave m@re
ma%srialiat;a axplanatiana ag ﬁhey bhagame al&er beaaugo af %nitianal
;ar ﬁxperxential faetara relating to a@haaling vather than maturatian.
| In miﬂg'ﬂgB stu&y of the semanﬁzf;e @nﬁaapta ef ﬁh1laren
vbetwaan the ages of 5 ~ 12 he faun& that gueatianﬁ aanaerna& with
Hﬁ@lume and weight canaexvation &iﬁ not show an inaraasa in yarfarmn
f ance with age whilst f@r some questions such as ‘Is %h@ sun alive?!
| taere was a atesdy 1n¢raaaa of asrf@rmana» with age.
| - Piaget's aaueluaxan that a ahlld aanwarvaa haaauae he is abla o
carry oui aartain logmmai uperatzanw aad 1& aanvinasﬁ of the logical
neaassity mf cama&rva%icn was nat cﬁnfxrmeﬂ by Lavell and Qgilvi924
. who famnﬁ that the ehxlﬁ who had ecnserva& the weight of a lump of
plastieine during change of shape could not necessarily conserve
the weight of a piece of buliter.

. The aanalusiona of these studies that stages do not exist and
the implication that the power: of experience in developing the mind
" iz limitless cannot be taken as coneclusive evidence for the effect
of experience on concept development as training histories were not
,aantnall@daa . Conelusive evidence of the effests of experience on
concept development may be obtained by the use of trus experimental
designs in the snalymis of educative proveassges., Home effects of
experience on the developmeni of coungepts have been demonstrated in
the following studies.

‘auckmanzﬁ confronted a child with a problem, encouraged him.
t0 ask any questions be wanted and gave him the answers to these
questions but no other information.,  After these sessions the
. teacher and child discussed the way in which the guestionas asked
attacked the problem and the child led to recognize the way in whieh
the approach could have been more successful. Children of 10 years of
age were able to approach problems logiecally to formulate
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generalizations and display thinking aharaa@eristi&véf Piageti's
stage of formal vperations not normally achieved until adolescence.

Pormation of the concept of weight was found o be best helped
by the introduction to unite of weight followed by exercise in
the meaaurement of weight befors enmbarking on the comparison and
guﬁgemen% of weights of various. ijﬁﬁtﬂzé

Smaﬁslundz? tackled the problem of the permanence of concepts
developed by training in particular experiences. His research led
te the conclusion that the trained conservers had learnt conservation
but had not arrived at a concept of conservation as a logieal
necessity. The idea that true concept formation required a reorgan~
igation of ﬁays of thinking prompted him to try té iﬁﬁuee aanaervatian
hy‘gagnitiwe gonflict, Two oampotiu& ap#roaches to solving the
- prablem forced the child to consider which should be followed, and
this led to the cognitive reapganiaatien needed for a logically
necessary concept to be formed. He found the aonflia% approach
the most successful of all the metheds of inducing conservation
which he hed tried. | | |

- There has haan s0ma‘suaaQas in inducing eonservation by

trainiﬁg in logieal operatiénaze._ Results have supported the idea
that axparienae with actions which demonstrate reversivility and make
consoiocus the tamporarf nature of raveraihle changes aan lead to the
davalapment of numbar'eonsﬁrvatian and very 9robably aanservation
of other quantztieavasvwall. Analysis of how a child becomes abls
to eanéerve has le& to the coneclusion that conservation is possible
only when the mental operations of multiple classification,
multiéle relationality and reversibility are pissent as the cognitive
structures basic to adequate aanaervgtinn performance necessary for
scientific thinking., | |

Piaget's illustration that a ehild could solve 2 times 2 and
3 times 3 matrix grobiems at 8 or 9 at the operational level using
the systam of double entry @laaszfmaation provided the atartxng _

point far one of ﬂaaling‘szs

experiments in his study of problem
solving in science at the secondary school atage. In one experiment
the apparatus pgonsisted of 3 red blocks and 2 of blue from deal and

1 red and 2 blue blocks from a denser hard wood and a balance.



The problem was to find out if there were more heavy blocks than red
blocks. This tested the ability to see the relevance of a double
entry system of classification %o the solution of the problem and

to mentally arrange raw data into a matriz in order to solve the
problem. It was found that below a mental age of 13.8 years no one
could solve the problem. This study of problem solving did not
attempt to explain how experiences eoula help the pupil to solve the
problems. The responses were fitted into a classification and little
about causal variables could be deduced from the study.

The technique used to assess the quality of adolescent thought
by posing a problem and encouraging the adolesgent to think through
his solution aloud may be used to develop classifications or the
responses fitted into an existing classification. In the study above
Piaget's classification was used and in a similar atudyzg on the
extent to which some adolescents induce secientific principles from
seientific experimentes answers were fitted into Deutsche's
classification of materialistie and non-materialistie explanations.
One experiment consisted of two teapots one with a small hole in the
1id and the other with an air-tight lid. The pupils had to talk
through their explanations that the water would not pour out of the
second teapot. There were several experiments involving pressure
and density and in each case the response wag fitted into Deutsche's
classification from which little can be deduced in terms of causal
variables.

The independent and dependent variables are the factors which
are manipulated and measured. One problem is to show that a
gignificant difference exists between a group which has received
a treatment and a group which has received no treatment. Another
problem is to ascribe the difference to the treaitment. One of the
studiea30 below investigates changes in the state of consciousness
before and after treatments. This study has limited application
to teachers of adolescents as it was limited to E.5.N. pupils,
the concepts involved were fundamental ones on which a great deal
of work has already been done and not the relational ones which

concern most teachers in secondary schools.
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. _51‘children30 aged 10 to 16 with I.Us, between’ﬁé;té i wﬁo
‘had_failea to conserve on two or more conservation tasks involving
kngmbarl substance, length, distance, area,'wﬁight‘andibalume,ﬁﬁero

,ldiviﬁe& into 3 matched groups. A pre-test post-test with aentrnl

group design was used. One group received instructions on

1véanse¥vatian of a variety of attributes and the second greup on
conservation of area alone. The control group was given practice
in reading. 30 of 34 instructed children consistently rec&gniaeﬁ,
ganaralisad and gave reasons for conservation on both past-taats.

No ﬁontrﬂl child improved in understanding of eunservatien by tha
time af the second post-test. o

.’ That only a few studies have been undertaken which attemyt

'_te 1solate causal variables is highlighted by the claim of rasaarah»
axs at Leieeatar31 that the following attempt to measure the effects
of teaehlag style on attitudes and attainment in‘soienee is the first
larga seale avaluatians study based on ¢lassroom absarvation ta ba

‘carried aut.

Teaehing style is being measured using a Science Tsaching
Gbservation System developed by the team of researchers. Tha
countrywlda sample of 113 teachers being observed are teaching faurth
year science courses. FEach teacher will be observed on four
oaaééiona by one oui of a team of 40 observers. An intansive study,
using five taaahsra is planned %o colleot information on the
raliahalzky uf the observation schedule. Over 9,000 pupils have
been used to pre-test the cognitive tests in chemistry, physics and
biology. Secondary hypotheses which the researchers hope to test
are that for a given teaching style the effectiveness of that style
is meaaured by the pupils attainment and attitude scores will vary
aac@rding to the pupils ability and that for a given teaching sﬁyla
the effectiveness of that style will vary according to the science

subjeet being taught.
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In scientific thinking it is important to develep the ébilitiea
to register raw results, make claasifiwatiané and note cerrespondences,
isolate and quantify causal variablea, eliminate contradictions and
test hypotheses by experiment. Two typea‘af raaéaréh inteo aaianﬁifﬁa
thinking may be distinguished above. :In the fiva%:tﬁva the results
are fittaﬁ into classifications or used 1o develop new classifications.
In the second type the facts allow the isolation and ﬁuan@ifiaatian
of causal variables and hypothesis testing. The suggested study
below is given to illustrate how a teacher as educational researcher
could discover knowledge of educative processes which may be uaaéul
in optimising the development of scientific thinking, through type 2
research. This is followed in Chapier Thres by a study to test the
feasibility of this type of research being carried out within the
 soience department of a comprehensive scheel,

‘Te dissover knowledge which may be useful in improving the
transmisasion of valued knowledge, the teacher aas educational researcher
has the problem of discovering what meanings are consiructed by the
child from the experiences he arranges: Twe disbtinet problems
immediately arise. What methed oould be used to detect these changes
in the state of consciousness and how can thay be a%tri&uﬁad to known
causes, The first problem may be solved by considering th@ilagieal
and psychological aspectis of teaching a aub3&3?32. ?ha'aaiepa@
teacher is attempting to transmit a subject which is a lmgiﬁally
cohesive diseipline, to a child whose pasychological state is changing,
perhaps as a result of the teaching. Tests uaul&_meagure‘%hesa
changes in the child in terms both of the logical development of a
subject and the psychological development of the child. That is the
tests could have both content and construct validity. This ocould
be ensured by experts in a form of knowledge designing items within
Bloom's Taxonomy of Educational Objectives overleal which would be
nested within a clagsifiocation such as Piaget's given in Chapter One.
The results of this test could give an indication both of achievement
within a subjeet and the pupils psychological state in terms of

eognitive development.



iCohdensed Version of
the Taxonomy of Educational Objectives’

Cognitive Domain | ~

KNOWLEDGE

00 KNOWLEDGE

riowledge, as defined here, involves the recall of specifics and universals,

e 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

rocesses of remembering. The process of relating is also involved in that]
knowledge test situation requires the organization and reorganization of]

27

problem such that it will furnish the appropriate signals and cues for the
1fo;mat10n and knowledge the individual possesses. To use an analogy,| .
‘one thinks of the mind as a file, the pr oblem in a knowledge test situation
‘that of finding in the problem or task the appropriate signals, cues, and
ues which will most effectively bring out whatever knowledge i 1s filed or
ored

10 KNOWLEDGE OF SPECIFICS

he recall of specific and isolable bits of information. The emphasis is on
/mbols with concrete referents, This material, which is at a very low
vel of abstraction, may be thought of as the elements from which more
ymplex 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 of the most generally accepted symbol}’
ferent, knowledge of the variety of symbols which may be used for al
ngle referent, or knowledge of the referent most appropriate to a given|'
e of a symbol.

To define technical terms by giving thelr attributes, properties, or|
lations.

Familiarity with a large number of words in their common range of}
eamngs

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

| ~ssistance 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 cncompassed by various kinds of problems or.

materials.
"' Becoming famlhar with a range of types of literature.

1 24 KNOWLEDGE OF CRITERIA
' Knowledge of the criteria by which facts, principles, opxmons and
'conduct are tested or judged.

| * Familiarity with criteria for Judgment appropnate to the type of wprk
and the purpose for which it is read.
* Knowledge of criteria for the evaluation of recreational activities.

2 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. It may also include approximate ‘or relative
formation such as an approximate time period. or the general order of
agnitude of a phenomenon. -

The recall of mujor facts about particular cultures. \;

The possession of a minimum knowledge about the organisms studied
the laboratory.

[llustrative educational objeciives selected from the literature.

[}

11.25 KNOWLEDGE OF METHODOLOGY

f

§

Knowledge of the methods of 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. »

0 KNOWLEDGE OF WAYS AND MEANS OF DEALING WITH
SPECIFICS

1owledge of the ways of organizing, studying, judging, and criticizing.
is includes the methods of inquiry, the chronologlcal sequences, and

e standards of Judgment thhm a field as well as the patterns of org"lmza-
n through which the areas of the fields themselves are determined and

1.30 KNOWLEDGE OF THE UNIVERSALS AND ABSTRACTIONS

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 problerns. These are at the hlghest
levels of abstraction and complexity.

ternally organized. This knowledge is at an intermediate level of
istraction between specific knowledge on the one hand and knowledge
'universals on the other. It does not so much demand the activity of the
adent in using the materials as it does a a more passive awareness of their
iture.

21 KNOWLEDGE OF CONVENTIONS

nowledge of characteristic ways of treating and presenting ideas and
ienomena. For purposes of communication and consistency, workers i 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. It 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 of]
dividuals concerned with the subject, phenomena, or problem.
Familiarity with the forms and conventions of the major types of]
orks, e.g. verse, plays, scientific papers, etc.

To make pupils conscious of correct form and usage in speech and|

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, or in determining the most approprlate and

It relevant action or direction to be taken.

* Knowledge of the important principles by which our experlence wnth

biological phenomena is summarized.

| * The recall of major generalizations about particular cultures.

iting.

1.32 KNOWLEDGE OF THEORIES AND STRUC&}JRES

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 of a rolatwely complete formulatxon of the theory of

[P (T T TY



: | INTELLECTUAL ABILITIES AND_SKILLS]
ilities and skills refer to or gamzed modes ol’ opcratlon and generalized
‘hniques 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 requnred Such information as is required can be
sumed to be part of the individual’s general fund of knowledge. Other
oblems may require specialized and technical information at a rather

m

gh level such that specific knowledge and skill in dealing with the
oblem and the materials are required. The abilities and skills objectives
aphasize the mental processes of organizing and reorganizing material
‘achieve a partxcular purpose The materlals may be given or remem-

red. o —

420 ANALYSES OF RELATIONSHIPS

The connections and mteractlons between elements and4 parts of a
communication.

* Ability to check the consnstency of hypotheses with given mformatlon

and assumptxons. _
* Skill in comprehending the interrelatlonshlps among the ideas in a

passage.

430 ANALYSIS OF ORGANIZATIONAL PRINCIPLES

The organization, systematic arrangement, and structure’ which hold the
communication together. This includes the ‘explicit’ as well as ‘implicit’

00 COMPREHENSION

his represents the lowest level of understanding. It 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
ommunicated without necessarily relating it to other material or seeing
s fullest imiplications.

structure. It 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,

Isuch as advertising, propaganda, etc.

10 TRANSLATION

omprehension as evidenced by the care and accuracy with which thej;

ommunication is paraphrased or rendered from one language or form of
ommunication. Translation is judged on the basis of faithfulness and
ccuracy, that is, on the extent to which thé material in the original
ommunication 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 symbollc 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 of a communication in which the writer or speaker
attempts to convey ideas, feelings, and/or experiences to others. 4
* Skill in writing, using an excellent organization of ideas and statements,
* Ability to tell a personal experience effectively.

20 INTERPRETATION

he explanation or summarization of 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 desu'ed
vel of generality.

!

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 testing hypotheses.
* Ability to plan a unit of instruction for a particular teaching situation.

The ability to interpret various types of social data.

5.30 DERIVATION OF A SET OF ABSTRACT RELATIONS

30 EXTRAPOLATION

he extension of trends or tendencies beyond the given data to determine
nplications, consequences, corollaries, effects, etc., which are in accord-
ice with the conditions described in the original communication.
The ability to deal with the conclusions of a work in terms of the
imediate inference made from the explicit statements.
Skill in predicting continuation of trends.

The development of a set of abstract relations either to classify or explain

particular data or phenomena, or the deduction of 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 of new

f ctors and considerations.
* Ability to make mathematical discoveries and generalizations.

00 APPLICATION

he use of abstractions in particular and concrete situations. The abstrac-
ons may be in the form of general ideas, rules of procedures, or}
neralized methods. The abstractions may also be technical principles,
eas, and theories which must be remembered "and applied.

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.

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
ological situation previously at equilibrium.

6.10 JUDGMENTS IN TERMS OF INTERNAL EVIDENCE

Evaluatlon of the accuracy of a communication from such evidence as
logical accuracy, consistency, and other internal criteria.

00 ANALYSIS

1e breakdown of a communication into its constituent elements or
rts such that the relative hierarchy of ideas is made clear and/or the

+* Judging by internal standards, the ability to assess general probabilityi

-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.

lations between the ideas expressed are made explicit. Such analyses
¢ 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.

10 ANALYSIS OF ELEMENTS

entification of the elements included in a communication.
The ability to recognize unstated assumptions.

6.20 JUDGMENTS IN TERMS OF EXTERNAL CRITERIA

Evaluation of material with reference to selected ot remembered eriteria.
*The comparison of major theones, genetalizations, and (acts about
particular cultures,

* Judging by external standards, the ability to compare a work with the
highest known standards in its field — especially thh other works of

Skill in distinguishing facts from hypotheses,

‘ recognized excellence.
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The second problem ébe#e wag to ascrive changes in the atate of
,aonaeieuénssa to0 known causes as unambiguously as possible, . This
amﬁy %&'selved if these iests were reliable and could be designed
with content and construet validitiy as desoribed above: and true
experimental aeaigns described in ﬂhapt%r Three were used. ‘bThé
random allﬂaatic;n of pupils to groups aﬁﬁ. the other conitrols mentioned
ocould help in the detection of the effect of experiences arranged
by the teacher on the meanings constructed by the pupil.

The feasibility of oarrying out this research within schools
5 with the aim of axparimaating to optimise the effective transmission
of valued knowledge has not been tested %o my knowledge in this .
oountry. The following study tests the feasibility of carrying out
this type of rvesearch within the seience department of a comprshensive

" sehools



THE PEASIBILITY OF IBVESTIGATING THE TRARSMISSION OF VALUED

KNOWLFDOE wITHIN A SCHOOL of A CHAOHER AS FDUCATICHAL RESUARCHER

1) THE_FEXPERLYGNTAL _GROUPS

180 pupils in the first year were grouped on the results of
internal mathematics and english tests, by adding the results,
rank ordering snd dividing iate three unegual bands.. Ths 'B?
bandwas chosen for study because the 54 pupils could be randomly
allogceted to thres groups, which were taught by 4iffsreni
teachars, the zourse contant was the sage for the trsstment
groups and a pre«tast post-test control group design sould be

ﬂﬁ!‘ﬁﬁ.»

2) THE EAPERIZTNTAL DESICH

There are three basic true experimental desins recommended in
the matno&alegical3g literature whish can bs used %o investigate
sducational processes. In the designs illustrataed below O

is an ohservation, X tre:ziment and R zefers ¢ randomisstion.

DESIGN 1 Pre~tsat Post-test with coantrel zroup dssigm

R OQ‘K @2

i 03 64

DESICH 2 The Soloman Four (roup Design

R ﬁl X 32

This design had the advantage over designes 1 and 3 in that both
the main effects of testing and the interaction of testing and X

are determinable.



LESIGE 3 The post~test only gontrol .roup design

0]

R o

This design controls for testing as main effect and intsraction
but does not msasure thewm. | |

Design 2 was preferred to 1 and 3 for the reasons ststed but
it was impossidle to racdomly aliocate pupils $0 4 groups because of
the interasl organization of 3 teschers to 1 band of é&ility. Design
1 was chosen for the study as 1t was initially intended to study the
interaction of the treatment at the pre-teost ablility level, which
pre«test soores make possible. In retrospest; powever, dasign 3
should have boen used a&s no results wsre gathersd on & pre-test
ability level owing to the time available and the results of the
present study were used to show the effscts of certain treatments.
This could have been done with design 3 which assured initial eguivale
ence of groups by randomisation andf%auld huve avoided any reastivity
of the pre-test with the treatment and control groups. The internal
validity of the experimeni rests upon the é@ﬁi?a&@ﬁﬂﬁ of the groups
and several factore which could influense this validity are disecussed
below. ‘ . |
ﬁgnarﬁl nistoriesl svenis that may producs &'ﬁramféat post-tast
&iffarénaa for group 1 such as pre-tesi ability ievels or sttainments
may produce a diffevent effect for group 2.  The pupils were assSigned
at random to the groups t¢ avoid this possivility. Thers @ﬁy;vh0¥&V@%
be evenis in-beitween testing whioh may effect the treatmenta. For
example, to run interviewing sess:ons simultansously would have
reguired different interviewers and their differences ocould have becoms
a form of affest confoundad with the trentment effect. The individuals
ware asssigned st randon Yo the interviews which for both pres-tsst and
pogt=-test were completed in five days. It was hopsd to susure by
randonication that svents in-betwsen jesting were as common 0 the
Zroups a8 possible and gould not becoms a significant effect in
explaining any differences observed., The three pupile in the
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experimental groups who failed to gt the treaiment were ineluded
in the results. This diminished the apparent effeot of tha
treatment bubt avoided sampling bizs.

The belief that more atiendion should be given by‘aduaaﬁinnal
researchers to the analytic separation of varisbles will be
‘emphasised by concentrating on the repeatibility of observations
and detecting significant differences beiween experimental and

. eonirol groups which can be assigned to the treatment in the hope
‘that causal variables will be isolated and guantified.

*We should keep im mind that the successful sciences such as
physiecs and chemistry make their advances without any attention to
‘representativén&aa {but with great concern for repeatability by
independent researchers). An Ivory-tower artificiality lasboratory
science is a valuable achievement even if unrepresentative, and
artificiality may often be esséntial to the analytic separation
of variables fundamental to the achievementis of many sciences.

But certainly, if it does not interfere with internal validity ox
analysis, external validity is a very imporiant consideration
especially for an applied diseipline such as t@aﬂhiﬁg“mé

3) TREATMENT OF EXPERIMENTAL GROUPS

$ix members of staff taught the Nuffield Combined Science |
Cwuraa33 to the first year groups snd sach member had taught the i
eourse for the first time the previous year. Children from all |
groups in the first year were tested individually and t&e rassarcher |
was a freguent observer in all classes. This is simply to emphasize |
that the research was carried out as pert of the normal day of a
teacher and no groups appeared to children or teachers to be
selegted for special study. The aasessments were arranged before
and afier school and so did not require the pupils being removed
from their normal lessons.

Each experimental group had {two teaching sessions of 1 hour
10 minutes per wesk. The control group investigated earthworms,
a topic unconnected o the study of the itreatment groups, estimating

and measuring. The experiences of the children with a pendulum,



a)

b)

~ ’ -

milk straw weighing machine and mathematical beam balance were
chosen for investigation to deteet if a shift ococurred in the
pupils ability to abstract causal variables in these experiments

as a result of the experiences.

THE_PENDULUM

Each pupil in the treatment groups was given a beoklet of
worksheets containing instructions and questions. 8Six expseriments
inaiuding the pendulum experiments were completed by the pupils.
The pupils changed from oOne sxperiment to another until they had
finished the circus. There was no formal teaching but questions
could be answered by the teacher and it was insisted that the

worksheets were completed.

THE MILK STRAW WEIGHING MACHINE

The teachers demonstrated how to build the machine and the
soale. Then the pupils with the help of the teacher and ihe
instruction booklet built the machine and scale. One difficulty
of carrying out true sxperiments within school aepartmeata was
illustrated by one member of staff not being satisfied that his
group understood how to oconstruct the ssale. He then taught one
extra session to his group on how to construct the scale.

THE MATHEMATICAL BEAY BALANCE

The treatment groups experimented with the balance aftier
regeiving a demonstratien. There was, however, a major diffsrence
vetween the twe groups. One group regeived specific training to
ghow the connection between mass and distance on each side of the
fulerum whilst the second group received guidance in the use of
the balance as a weighing machine but the connection betwesn mass
and distance was not made explicit. This was an interesting
observation because there is no specifie reference %o this
gonnection in the worksheets but the teachers had access to the
testing area during the post-test.
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4) THE THREE EXPERIMENTS STUDIED

THE MILK STRAW WEIGHING MACHINE

One hahgvioural\ariﬁaris for a person who performs scientifie
eﬁpari@ants is to exclude one inieﬁan&ent variable so that the sffect
of another, on the dependant variable, can be cbserved aad quantified.
If a seientist wishes {0 change u process in a predicted wa} he noeds
to isclate and quantify the causal variables in the process. The
thres experiments wers chosen because each has several independent
variablas, which could effeot the dependent variables: The .
pendulum had 1 gausal variable affecting the period, the mathematzeal
beam balance 2 eausal variables affecting the position of equilxbrzum
and the milk straw weighing machine 2 causal vaviables affecting
its position of equilibrium.

THE PENDULUM

Dependant variables = i« .the period of swing

Independent variables i~ mass , _ . » ;
length f

- : 1 o N angle of swing

Causal variables = length

Dependent variables .3~ scale position

Independent variables 3~ position of sorew

- ‘ | ~ position of needle |

Causal variables( _y :¥~“§aaitian of serew
" o position of needle

THE MATHEMATICAL BEAM BALANCE

‘ﬁe@enﬁant variables e poaitian of aquilihrium

Inda?anésnt variasbles éw mass
‘ distaaee

relatiunshig h@twasn twa 1ndagandan$ variablas whxeh &etewmxnes the
pasitian af equilibrium - mass X digtanag‘ '



The diagrams of the apparatus used in the experiments and
interviews, are followed by a descripiion of the treaiment of
the experimental and control groups and details of the interviews
used to measure any changes in the ability te sapérata out the

causal variables.
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3)

THE INTERVIEWRS

The intervisw is bveing used as 3 msasuring instrument to
detect the stats of the sdolescent's ability to choose the correct
relationship between a dependent and independent variable.

| atandax&igsﬁ,intczview34 was dzsigned for sach of thres
experiments ae the same information w=8 %o be collsoted from essh
respondenty the responses were 0 be classified and compared and
differences obgerved between groupe were, as far as possible, to
be attributed $o experimental treatments rather than refleeting
differences dus to questione asked or meanings attriduied to the
questions. .

To avoid any differences in responses bvelng due to the
msaaﬁriug inatrument the standardissd interview was scheduled, that
is, the wording and sequence of the guestions was predetermined
and asked in the same way. The responses wers recorded in pre-
coded spaces. To preduce a response that validly differentiated
one response from another the sti@ulﬁn must be as identical as
pogsible. In each case the experiments were placed in front of
the respondent (the visusl stimuli were recorded on the scheduls)

- to supplement the questions. (losed questions were given in esch

case as the purﬁ#ss was to detest if the respondent would choose a
response which stated the correct relstionship between the dependent
and independent variable. ‘,”

The same interviewsr was used in sach ocase in the same place,
to ensure that conditions were kept ss eonstant as possibie.
Other factors which oould influence ithe resulis independent of
ireatments given have been desoribed with the experimental design.
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Q.
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b)

d)

Qe

Qe

THE PENDULUM

If I put a larger mass on the end of the string keeping the
string the same length (gointang to the pendulum)

Will one period (demonstrating a period of swing)
take more time / less time / stay the same time?

If I put a smaller mass on the end of the string keeping
%he $tr1ng the same 1@&@%&

Will one period take mors time / less time / stay the same tam&?

If I make the string much longer keeping the mass the same

Will one period take more time / less time / stay the same time?

If 1 meke the string much shorter keeping the mass the same
Will one period take more time / less time / stay the sams $ime?

THE gxw STRAW WEIGHING MACHINE

If I move the screw out a fow turns (y&inﬁing t@ the sorew as
' if to withdraw it)

Will this side (Pointing to the screw side) fall / rise / stay the same?

If I move the screw in a few turne {pointing to the screw as
if to serew it in)

Will this side (pointing to the screw) fall / rise / siay the same?

If the needle is moved to here (pointing to position A)

Will this side (pointing to the screw side) fall / rise / stay the same?

If the needle is moved to here (pointing to position B)

Will this side (pointing to the screw side) fall / rise / stay the same?



b)
Qe

a)
Qe
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THE MATHEMATICAL BEAM BALANCE

If T
#hat

It I
What

eI

What

ift1I
What

If 1

, What

put 1 mass on here (pointing to A9)

will happen to your side? Will it fall / rise / stay the same?

-

put 1 mass on here (pointing to Al0) aﬁa 1 mass here (pointing to B8)

will happen to your side (B)? Will it fall/rise /stay the same?

put 2 masses here (pointing to B5) and 1 mass here (pointing to AlO)

will happen to your side (B)? Will it fall / rise / stay the same?

put 2 masses here (pointing to A5) and 1 mass here (pointing to B10)

will happen o your side? Will it fall / rise / stay the same?

put 1 mass here (pointing to A9) and 3} masses here (Pointing te B2)

will happen to your side? Will it fall / rise / stay the same?
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HYPOTHESES TO BE TESTED

There will be

no difference beitween the pre-test means for

the total group scores

There will be
Phere will be

There will be
discovery

- There will be

discovery

There will be

There will be

There will be
diseovery and

a difference beitween total soores for groups 1 and 3
a difference between total scores for groups 2 and 3

no difference between groups 1 and 3 for unguided

no difference between groups 2 and 3 for unguided

a differencs beitwsen grouﬁa 1 and 3
a aiffarﬁaaﬂ between groups 2 and 3

a difference betwesen groups 1 and 2 for guided
specifio itraining.
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RESULTS
8)PENDULUM_ ,
MASS DECREASE
MASS JINCREASE
FRE . Pap
PRE POST
right | wrong right | wromg priow rouD right | wrong right | wrong
3 15 1 17 1 1 3 15 2 16
2 16 3 15 2 2 3 15 6 12
0 18 1 17 3 3 1 17 0 18
LENGYH INCREASE LENGTH - DECREASE
PRE POST PRE POST
> right | wreng right | wrong right| wrong| right | wrong
7 11 9 9 1 1 9 | 9 11 T
10 8 10 8 5 10 8 13 5
10 8 ‘14 | 4 10 | 8 11 T
Grou'psal and 2 are the treatme_mt g:c'oups group 3 is the control group,
}3
¢) THE MATHEMATICAL BEAM BALANCE .
1A 10 1 A 10 1B 8 _
right | ~wrong right | wromg| gp | right wrong right | wrong
pre poest pre Pest
18 18 .0 10 8 | 13 5
18 0 18 14 14 4
17 18 0 9 9 0 B
[
2B 5 1410 2 A5 1B 10
11 7 17 1 Lof 12 17 ’
12 6 15 3 11 7 13
6 12 -8 10 3 15 6 12
149 3B2 ’
11 T 14 4
3 15 T 11
6 12 8 10




THE

MILK STRAW WEIGHING MACHINE -

RESULTS CONTIKUED

40 @,

% B
| SCREW OUT SCREW 1IN /2
PRE POST PRE ' POST
, right WITong right wrong | Group (right xgreiag . right wrong
8 10 13 5 1 | 8 10 12 6
6 12 17 1 2 4 14 13- 5
11 1 13 5 3 7 i1 T i1 |
NEEDLE  AWAY NEEDLE  TOWARD 1
right wrong right woong right | wreng right wrong |
8 10 11 7 6 12 8 10 §
14 4 15 -3 7 11 10 8
9 9 13 5 3 -8 10 8 10




8)  TREATMENT OF RESULTS

A) ANALYSIS OF COVARIANCE APPLIED TO A SINGLE FACTOR EXPERIMENT

Two problems confront the eduaatiénal researcher on analysing
 his results. How does he assign observable effeects to his treatments
within known 11@1%3 of error and what are the assumptions underlying
his analysie? For a researcher interested in the analytic separation
af.eauaal'variableavao that changes in educational practice can be '
controlled, the statistical analysis below has the disadvantage that
a sorrelation between two sets of scores implies a functional
relationship but does not imply a ceusal relationship. Consideration
will now be given to how the analysis of covariance applied to s single
faotor experiment allews the analysis of the variation of the post-test °
means to be made independent of variation in the pre-test meana35n

The basioc structural model for this single faotor experiment is
agsumed to besw

?ﬁ =u++ Ty Eij

¥y  is & criterion soore
u | is an unknown constant
T3 ;19 constant for all elements within a treatment population but may
diffar for different treatment populations depending on the
diff«ranﬁw betwwan the means of the treatment populations.
Eij ‘is a nomponant dépending upon uncontrolled sources of variance.
As the pupils absexve&laftar_eagh_%reatmunt were assigned at
‘ rgn@am to‘thbse:egn@iti@as_ona_has some degree of assurance that
the srror effects will be independent of the treaiment effects.
We wish to'assign differences in the post-test means to our treatments
inﬁapan&ent of variatiens in our pre+tast results., The method used to
adjust the posimtaat scores for the influence of the pre-test scores
wae 0 caleulate the average effect of an increase of 1 unit in the
cevariate, that is, the pru~teat score, upon the variate, by a regression
analyais. ~ The form of this analyaia‘is illustrated below.
In terms 6f a linear regression an adjusted oriterion mean has the

follewing formsw
?j’;?jwh(fi-i)

where b ig an estimate of B the population linear regression oco-efficient.



¥e can obiain the sdjuated oriterion mean in terms of the baeie lineay
model underiying the analysis of variance:—

YjmudPjtBij+B (Xy=-7)

Y3tz u b T 4 By

The influence of the covariate has been removaed by linear
regression. This means that the variaiions in the sdjusied oriterion means
asre not independent and there is sampling error in ths estinstion of B.
For these reasons the variation in {the adjusied oriterion mesans sre nod
used in the tests of signifioanss but the residual sum of squares iz ussd
to provide variance estimates for the ¥ ratio. In this anslysis the
residual varistion about an overall regression line is divided into
two parts, One part is o funotion of within olase residual variation,
the =eocond part, the reduced sum of squares dus to treatmenis is a
funetion of between class variation. The assumptions of the snalysis
 1§§$ thet treatment effects and regression are additive with the
implication of homogeneity of within class regression. The assumption
is also wmade that the residuals are normelly and independentliy
distributed with sero means and the same variance.
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B) HYPOTHESIS TESTED USING STATISTICAL ANALYSIS

ﬁfﬁ@mﬁﬁssa'

F. for signifiqanme

F. observed at .05 1eval/
1 1002 3.a3
2 2.99 4.28
3 2.86 4.28
4 oy 6.61
5 .22 6.61
vé , 7.30 6.61
7 2.87 6.61
8 6.17 5.59
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9} DISCUSSIOR OF RESULTS

Hypothesis 1y~ No difference between the pre-test means for the total
£roup soores. a
The rosuliant F vailue @f 21002 vas gxpacied as the puplils haa
been randiomly silocated to their groups, s factor whiech
should enmsure no difference between tk@ wesns for ta@
pramﬁesﬁ xaau&%%.

Hypotheses 2 and 3s~ A difference beiwsen the mesns for the total
: " ' scores of groups 1 and 3 and 2 and 3.

Although the gain seores wore higher for the irestment
than for the conirol groups &h@ analysia of sovariance
did not deteot a significsnt éiffaranﬁe %s%wa&u tha
variation in the post-test scores which wee
independent of the pre-test scores. This negative
result oould be explained in several ways. One
effect whioh is sometimes found with this axyarimsatai
design is that the pre-test has a sensitising &ff@@%
on the subjest. The effest due to the pre-test
esnnot be removed due to the design. i%‘aauia;
hewever, be accounted for if a Sclosan four groups
design hsd been used and it is suggested that this
design is wsed: in layge schools where the pupils can

be randomly sllogated to four groups within an ability

band o2 in a school with mixed sbility groups. This |
latter systen is preferable sg it would allow

vandomisstion within o year group. The seoond fastor
whish could asaount for the negative result at the 5%
level of significance is the instrument used. In an
attempt o simplyfy the insirument to measure the

major change which would have ocourred if the seientifiec
objsetive n.d been sitained, the interview is
insensitive 1o changes which may hkave ocourred in the
ndolesconts understonding of the factors invelved

in the experimenia. it is propoged in fulture to

supplement the interview with an obvjective test whioh
way perhaps be more sensitive in detecting changes in
soientific thinking.
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53~ HNo difference between groups 1 and 3 for

Hypotheses 6 and

unguided discovery. No difference beiween groups

2 and 3 for unguided discovery. '

The F values of 47 and .22 gave no difference
between the treatment and control groups. “The pupils
did not detect the causal connection between time and
length even though they had carried out experiments
following instruction sheets 4 and 5. This result
corresponds to Piageﬁ'a'aésertian that pupils at
eleven yagxs old will be unable to isolate variables
and diseover causal connections, The negative resuli’
could be due to the method of unguided discovery used.
The experiments were designed to eatimaté and meéeura.
time. It was hoped, however, that the pupils with
the help of the instruction sheets weould disecover the
faot that mass has no effect on the period, andlength
is the only causal variabls,

Ts~ There will be a difference between groups 1 and 3

Hypothesis 8 s~

and between groups 2 and 3.

The positive result for hypothesis 6 is as expected,
the experience of knowing how to build the milkstraw
machine has produced a significant change. In gyoup
2, however, no significant change was produced., The
main reason for this is thought to be that group 1
spent ohe hour more experimentinzg with the milk straw

machine than group 2. !

There will be a difference between groups 1 and 2,

The F value of 6.17 shows a significant difference

exists., The group receiving specific training showed a
marked improvement in their comprehension of the
connection between the two variables and the position

of balance over the group which received guided discovery.
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10) CONCLUSION

The study bas demonstirated the feasibility of carrying out
this type of research within a school with a teacher as educaiional
researcher. It has not detected the state of formation of secientifie
goncepts or isolated and guantified causal variables in the transmisasion
of valued knowledge., This was probably due to the inadequate
instruments used, Success, where this study has failed, could rest
upon the development of reliable tesis of fundamental and relational
concepts with content and construct validity., As a first step, visual,
verbal and written records could be gathered of children and adolescents
deing science, so that sducators begin to develop operational definitions
of what meanings children construct from their experiences, That is,
the researchers need the child’'s agoount. Groups of infants, children
and adolescents could be studied as they progress through primary and
seoond%ry schools., Video tapes, attitude and interest tests together
with tests of cognitive attainment sould be used to messure the effects
of treatments on the-adoleseents consoiousness. We may then be in
& better position to state what ohanges in children and adolescents
the treatments in schools are designed to produce, to measure the
changes produced and to alter techniques so that they are more effective
in produeing the desired resuli, that is, secientific understanding in
children and adolescents.

The possibilities of carrying out this research could depend
upon the control of education, about which little is known. It is
perhaps unjustified to infer {oo much into the fact that of 111 projectis
reported to the Schools Couneil Document Projects in June 1971,

76 were situated in Universities, ll in Colleges of Education and

2 in Schools. These figures would seem to be an indication, however,

of at least one largely unquestioned'asaumptienBs, educational research
is best done in Universities. It may be that the effectiveness of the
transmission of valued knowledge within schools would be improved by
situating more projects within scheools with teachers as educational

resgarchers.
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