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STATEMENT OF FOCUS

The Wisconsin Research and Development Center for Cognitive Learning
focuses on contrlbuting to & better understanding of cognitive learning by
children and youth and to the improvement of related educational practices,

The stratagy for research and development 1a comprehensive, It Includes
baslc research to generate new knowledge shout the conditions and Processes
of learning and about the processes of Instruciion, and the subsequent develap-
ment of ressarch-based Instructional materials, many of which are designed for
usq by t2achers and otners for use by students., These materlals are tested end
refined In school settings, Throughout these operations behavioral sclentists,
curticulum experts, academic scholars, and school people Interact, Insuring
that the results of Canter activities are bazed soundly on knowledge of subject
matter and cognitive learning and that they are aPpiled tc the Improvement of
educatiunal practice,

This Theoretical Paper 1s from the Rule Learning Project in Program 1, Gen-
eral sblectives of the Program are to ganerate new knowledge about concept
leaming and cognitive skills, to syntheslze existing knowledge, and to develop
educatiunal materlals suggested by the prior activities, This project focused on
rules or descrittions of logical aperations used In solving simple Ptoblems, with
the lon9g-rande 9oal oi relating a taxonomy of gencral classes of rules and thelr
vse to simllar analyses of other cognitive skil)s used In school learning,

1)1
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The writer wishes to express his gratitude for the invaluable contriba~
tlons made to this project by his assistants, Mrs. Jerl Grogg and Mrs.
Annette Joslyn, and his students, Gretch.'n Freiheil, John Garske, Tom
Grugg, Joseph Kemmerer, and especlally, Douglas Sawin, for his able
asslstance In developing the general model described jn this report.
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INTRODULTION

Inittally, this project was concerned with
conducting relatively restricted laboratory-
like experiments designed to provide Informa~-
tion on the ability of school-aged childeen to
solve tasks involving selected cognitive ruies.
All experiments were considered with respect
to the followlng criterla: First, the emphasis
was upon cognitive rules, or operations, in
order to complement Professor Klausmeler's
project which emphasized the acquisition of
concepts; second, there was promise of pro-
gramatic research In an ares not already well
researched) third, the accaptable rlgorous
experimental methodology of S=K learning
theory wag adapted 1n ways which permittcd
controlled investigations of more interesiing
cognitlve aspects of learnlng: a fourth cri-
terion required the regearch to be develop-
mental In nature, 1.e., not restricted to one
age group: and finally, the fules Investigated
were selected because of a rather obvious re-
lation lo. hence impllcatlon for. a leaming
situation which takes place In the classtoom.

Tha overwhelmtng problem of syhthesizing
the res sarch-revaaled psycholcaical knowledge
and determining ils relevance for educatlon
became unmlatakingly clear from the writer's
experience in the Wisconsin Retearch end
Development Center. In his role as directot
of Program 1, the writer reco9nized the need
tor tome global model, theoty, organization,
or taxonomy which would serve to reveal the
Inlerrelationships of independent research
projects and provide a language or syslem for
extending experimental findings to actual ped-
agogical problems., Moteover, USOE officlals
{in particular, Professot Francls Chase) con-
tinuaily emphasized the need for such integra-
tive attempts. Consequently, the personnel
on this project began a fairly ambitious attempt

to review existing literature with the goa! -.f
selecting or deriving a general model for des-
cribing the general cognitive operations or
processes which snderly the speciflc behav-
fors of interest in education., Two results
were antlcibated, Flrst, the model would
serve to reveal more clearl* the specific con-
tribution of independent ressarch projects by
indlcating the precise type. or level, of cog=
nitive ability being investigeted, Secondly,
the model would serve 38 & convenlent system
for a task analysls «! any particuler subject
matter, the result of which 18 8 more tractable
shaclfication of a pedagogical problem. The
Intended schedule ~alled for ()) an examina=
tion of existing general models such as Bloom's
Taxcenomy and Guilford'a structure of Intellect
model, (2) an enumetation of cognltive abili-
tles measured by mental tests (and indicated
by factor analyses to be Independent), and

() a review of subject matter analyees such
a3 the American Assoclation for tne Advance~
ment of Science (AAAS) analysis of Science In
elementary school,

Unlortunately this project terminated pre-
maturely in August 1968 bécause the writer
accepted a poslilon at the Unlversity of
Rochester. Conseauently, thls cannot be a
final report of yoals achieved; it Is a progtess
report of unfinished work, Where possible,
important experimental results and their Linpli-~
cations for education will be discussed. The
wtlter's primary intention, however, Is to re-
cord ideas which had promise and strategles
which seemed fruitful so that others may, if
Interested. cuntinue thls work, Thls report
will considee fitat the results of experiments,
next the progtess made toward defiving a Qen-
etal model, and finally some thcughts on Im-
pllcations for education,



RESULTS OF EXNPERIMENTS

Since Arlstotle, formal logic has invited
the scrutinlzing stares of philosophars and
mathematiclians, Of tiie many wha attempt2.d
to develoP a system for describing logle, we
are perhaPs mast indebied to the mathemati-
clan, George Boole, win,over 100 years ago
symbolized the verbal describtions of logic
and gave birth to what Is known as Boolean
algebra of sets. Essentlally an algebra of
classes, or class loglc, Boole's sytem has
teen supplanted by modern propositional cal-
culus, Both systems, howaver, are designed
to discuss truth statements and thelr ¢or. 'eCc-
tlves, such as "if..., then...." Loglcally Il
instters not wherther the statements are com-
pletely verba: {such as in the tired syllogism,
“AMl men are morial..,.") of completely sym=
bolle {(p>qy or p Implies g}, 1t 19 assumed
that the same "laws of thoughl” or cognttive
rules are invoived. Most elenentary textbooks
on formal loglc use the famliiar Venn diagrams
to describe the binary relations of Boolean set
algebra or Propositional calculus., Moreover,
modern elementary—In fact, beginning=—mathe=
matlcs texts employ set theory and modified
Venn dlagrams to Intreduce the rules underlying
mathematics.

Evidently, then, the tules of formal loglc
are beroming qulte explicitly involved in the
learning of at least elementary arithmetic des-
pite a lack of any baslc research on childien's
ability to &2Ply these ktnds ol cognltive rules,
1t seemed aPproRtiate, therefore, to begin a
program designed to Investigate the child's
developing capaclty to apply the tules of logi-
cal inlerence,

Flrst it was necessary \2 identlfy the sim~
plest form of logival inference and the appio-
priate taskx and methodalogy for empitical in-
vestigations. Within a binary contexi, the
most primitive rule 1 of the form “#[ A, then
B™ l.e., stralghtforward inplication of logical
Infetence. A Common binary labtoratoty taak s
the typlcal second-choles discrimination lask

in which the subject has only to discriminate
the Positive (P} stimulus from the Negatlve (N)
stimulus.

Unfortunately, most discrimination learn!ng
research 19 irrelevant because tha methodology
usually employed Is designed tc allow tests of
simple associationistic 5-R learning theories
and not higher order cognitive processes, For
example, the trial-and-error technlgle 1s con-
ventional and any learning which takes piace
15 most rarsimonlously attributed to the de-
veloPment of aPPrfoach tendencies following
rewarded respanses to the positive (P} stimulus
and separately to avoidance tendencles [ollow-
ing nonrewarded response to 1he negative (N}
stimulus, Yet the structure of the task 1s such
that on each trlal the subject can learn about
both stimull, one as a rasult of direct experi=
ence, the othet by Inference., Because only
one stimulus 15 rewarded, a subject can, lor
ezampie, use the rule “if P, wien not N {or
the converse "1f not N, then P"} to learn about
bo'h the responded-to stimulus and the non-
respondea~to stimulus.

Clearly, though, the conventional method-
ology had to be modified tn order t> (nvestl-
gate the possibllity of logical inference taking
Place In the simple disceimination task, In a
number of unrepofted pilot studles the neces-
saty procedures were valldaied. Two final ex-~
perimentt are teported in deiall elsewhete
{Fletcher & Garshe, 1968) and will be dis-
cussed only brlefly here. Essentially, a
mompting technique was employed to control
§'s response to only P of a P+N pair ¢n a num-
ber of tratning trials. On a subsequant non~
ptomPted cue-substitution test trlal a new
stimulus X was paired withthe old N and §
was glven a choice. If learning (2s most as-
soctation learning theory would sungest] was
restricted only to the previously dlsplaced P,
then § would kpow nothing about elther X or N
and performance would be at chance on the
X+N test tria)l, But if S had in fact inictred the

x
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nonreward value of N while previously displac-
Ing the prompted P, he would avold N and
selec. the new X stimulus, QOther con rol con-
ditions, P+N and FrX west trials, weto included
to measure and take jnto account any possible
navelty artifact,

The problem can be described with Venn
dlagrams. Figure 1 depicts the situation in
which It 1s assumed that 8 learns nothing about
the nonresponded-to N during prompted trials., ,
The three circles indicate the learned value of
each stimuluss the three overlapping circles
reprasent the three types of nonprompted test
trials; and the Intersections of each pair of
clircles contains the appropriate solutinn rule,
For both the P+N and P+X case, the rule is
simple affirmation, t.e., "P ls correct.” The
Intersaction of X+N |s emPty, indlcating no
solution rule based upon previously learnasd
differential values of either N or X,

X

FIGUR™ |. Schematic representatlen of the
casae in which the zubject does
not infer the negative value of
N while responding to the posi-
tive P during prompted trials.

In Figure 2, however, It is assumed that §
had made the inference that N was nonrewarded
and had therefore learned the values within each
circie. The intersection of X+N In this case
does contaln an appropriate gsolutics rule, i.e.,
"ot N", and above-chance performance Is pre-
dicted. :

The results Indicated that Kindergarten and
First Grade children were significantly above

4
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FIGURE 1. Schematic representation of the
case In which the subject does
Infer tha negative value of N
while responding to the positive
P during Prompted trials.

chance on the critlcal X+} trial. Verbal re-
ports, moreover, confirmed the assumption
that the 8s were choosing X because they at
least "knew that N was wrong." They were
therefore inferring additionally that the X was
Erobably correct.

It is Intere <ting to note here that Identlcal
experiments conducted Independently by the
writer vidth retardates with mental ages similar
to those of First Grade children and with “est~
sophlsticated monkeys revealed that the re-
tardates were also significantly above chance .
on the X+N trial, but the monkeys were not.

At a minimum, therefore, these results Indi-
cate that voung children (and retardates) do
simultaneously process Information about both
stimull of 2 known binary task, Whila it may
be possible to stretch 8-R learning thecly to
handly these data, the writer prefers to inter~
pret these data as evidence for the abllity to
apply the simple logical rule "if A, than not B."
Mzreover, the faijlure of sophisticated ironkeys
to solve the same pProblem suggests that this
aLility may be unique to the human primates.

It piust b emphasized, however, that per-
formance on X+N trlals was only aprroximately
70% cormrect for these children, and while this
was significantly above chance, this level of
performance clearly cautions against the as-
sumption tnat all children enter elementary
school with a ready facility for applying even
this simple rule of logical inference. The writer



{eels that children should be first tested for,
and perhaps tralned o3, this type of loglcal
inference belore they are 9ven arithmetic Prob-
lems which Involve this cognitive rule. A sec-
ond experiment {see Fletcher, et al., 1968)
essentially replivated and confirmed these find-
Ings.

Another line of research pursued a more com-
plex "if..., then...” rule. This research {see
Grogg & Fletcher, 1968) sought and found a
problem which required for its solution a re-
sponse not to separate stimuli but to the rela-
tion between the stimull. In the learning litera-
ture this type of problem is referned to as the
conditional discrimination, One form, the non=
sign-differentiated (NSD) problem {nvolves
three pairs of stimuli: A+B in which A is re-
wardeds B+C in which B Is rewarded; and C+4
in which Cis rewarded. Thus, over any serles
of trlals {with each pair occurring equally often)
each element, or separate stimulus, ls equally
positive and negative. Solution, therefore, 1s
fmpossible In terms of slmple affirmation of
element values. A correct solution demands
that § note the relationship between both stim-
uli and employ the rules: “1f A+B, then A; 1f
B+C, then E; If C+A, then C." This NSD prob-
lem, too, may be dePicted with Venn dlagrams.
In Figure 3, there [§ no absolute value indicated
in the circle for each stimulus because each has
& unique value only In relation to the other stim-
ulugs with which it 1s paired on a particular ¢rial.
Thus, the Intersections of the three pajsrs Indi-

C

FIGURE 3. Schematic representation of the
non=slgn-differentiated (NSD)
conditional discrimination problem.
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cate the rule, or ioglcal implication, which
must be learned In order to respond correctly
to each pair and solve the problem.

A second form of this problem, the sign=
differentiated (SD) conditional discrimination
problem, is conceptually simnler when analyzed
In terms of its solutlon rules. Structurally sim(=
lar to the NsD problem, the $D problem Invelves
an additional cue (e,9., color) on ¢ach of the
three trials or pales. Thug, both A+B stimull
may be red; B+C may be Green; and C+A may be
blue. The 5D problem, depicted In Figure 4,
clearly requires a simpler solution rule {agaln
given in the intersections) for each pair. In
fact, because of the additional cue of color the
rule is simple affirmation In each case. TFor
example, § must merely learn "red A {s correct;
green B Is correct: and blue C is correct.” It Is
important to note, therefore, that it is not at all
necessary to consider the relationshlp between
any two stimull, of even to attend to both
stimuli, on any tylal In order to solve the 5D
problem. However, one can Ignore the color
cue and emPloy the same more complex rule
required in the NSD pProblem.

FIGURE 4. Schematlc representation of the
sign=differentiated (SD) condi~
tlonal discrimination problem.

Both an SD» and NSD problem were included In
this study in order to confirm empirlcally the the-
oretical differential difficulty. Preliminary pllot
Investigations Irndicated the futility of testing
young chlldren on N3D Problems. Hence, Sixth
Graders, Tenth Graders, and ¢ollege Sophomores
were tested.
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As expected, the NSD problem was con-
siderably more difficalt than the SD problem
for all age groups and performance on both
Problems Increased monotonically across all
age groups. ’n addition to the choice data,
all §s were questioned iy order to determine
what kind of solution rules were employed.
Only 25% of the Sixth Graders were able to
express the appropriate relational rule far the
NSD problem; 45% of the Tenth Graders did sa;
and 53% of the college Sophomores accurately
verbalized the "if..., then...) rule. More-
over, In solving the SD problem {which again
could have been solved with elther the simple
affirmation rule or the more complex relational
implication rule), 5%, 10%, and 16% of Sixth,
Tenth, and Fourteenth Graders, respectively,
spantanecusly utilized the relational rule,
while 20%, 45%, and 69% reported using the
simpler aifirmation rulz.

These results reveal a rather limited genseral
ability of 3s to detect, encode, and retain con-
ditional relationships in solving problems. In-
deed, the fact that only 25% of Sixth Grade chil-
dren digplayed this cogritive ubility points to
the need for greater assessment of fundamenta?

cognitive abilities in elementary school children.

In summary, these experiments were Initlal
attempts in 2 program desligned to investigate
the developing ability of children to apply cog-
nitive rules in solving problems. The research
established two laboratory-like tasks for in-
vestigating two fairly simple rules of logic.
Performance on these tasks did reveal develop~
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Aruitoxt provided by Eic:

mental trends, |.e., increasing ability to splve
the tasks, but on neither task was Performance
very impressive. Indeed, in all experiments
the majority of younger ¢children did not reveal
a ready facility with the rules Investigated,
and it seems evioent, therefore, that more of
this kind of research is needed,

It is the writer's opinion. however, that
while these "demonstration experiments" are
usefyl, the most productive type of research
1s that which attempts to explain the causes
of poor Performance by first revealing the spe-
cific cognitive operations Involved in each
task and then by isolating the faulty operation.
For example, in the NSD problem 8 must attend
to both stimull, eacode the stimull as relation-
ships, store and recall the relationships, and
finally compose the solution rule. A 8 may
fall a particular task not because of an inability
to perform the last step but because of fallure
on some preliminary step. If the uitimate goal
Is the improvement of performance on ceftain
tasks (as It certainly Is In the classroom),
then it seems obvious that what is needed is
both & general theoretical model for analyzing
tasks into component abilities and the kind of
research which reveals optimum training pro-
cedures for each ability.

For the above reasons, experimental efforts
were temporarily terminated and, Instead, a
review was made of exlsting general taxono-
mies of cognitive skills, theories, or madels,
in hopes of finding, or developing, one useful
model for guiding future research.
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TOWARD A GENERAL MODEL OF COGNITIVE PROCESSES

In order to facilitate a 9eneral consideration
of cognitive processes, it was first necessary
to catalog and analyze tests which apparently
asgess independent Processes, or nbilivies,
especlally those tests developed for testing
school-aged children, ‘o this end five common
tests were reviewed: the Stanford=-Binet Intelli-
gence Scale; the Wechsler Intelligence Scale
for Chlldren; the Wechsler Preschool and Pri-
mary Scale of Intelligence; the Arthur Adoption
of the Leiter Scale! and the Kit of Reference
Tests for Cognitive Factors. Most of these
tests contain similar ltems, and thus for con-
venience we focused primarily upon the tests
found in the Jast-mentloned Kit {French, Els-
trom, & Price, 19563), In their attempt to vali-
date Bloom's Taxonomy, KropP & Stoker (1966)
also relied ubon the Kit tests.

Next, the taxonomy of Bloom (1956) was ex-
amined., Bloom attempted to compose a helr-
archically arranged descriptive model of cog-
nitive factors which are directly relevant to
student behaviors, As such, the model retains
generality at the cost of precision, and it re-
quires much Interpretation and translation to
handle specific situations.

By far the most ambitious—and successful
—effort to devise a general system ls that of
Guilford {see especifally Guilford, 1967}, His
Structure-of-Intellect (S1} model, developed
gradually during years of Intensive factor ana-
Iytic studies of intellectual abilities, is a mor-
phological taxenomy {i.e., a logical matrix) of
independent elements, His matrix Is [currently)
three-dimenslional with operations orthogonal to
products and contents, ali of which define
unique inteltectual factors. The logic under-
lying the structure of his matrix comes from
results of the factor analysis approach. Al-
though Guilford argues persuasively that the
Intellectual skills are in fact different depend-
ing upon what contents and products are In-
volved, we conslidered it necessary to lgnore
temporarily this distinction and to conslider only

Q
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his operations {n an initial formulation of gen-
eral cognitive processes. Parenthetically,
Guilford does seem to have trouble with clas-
sifying "transformations" as a product rather
than an operation.

For two reasons, our preference was for an
operational model, {.e., a computer-like model
which depicts information flow, First, it seemed
that each tesi for task) Ls best differentlated
with regard not only to the frocesses {nvolved
but also with regard to the sequence of the
orerations, Secondly, a schematlc representa-
tion emPhasizing processes [calls attention to
the degree to which the Processes] have in fact
been described [or not described]. Therefore,
we first composed for 3 large number of the kit
tests a separate flow diagram of operations or
processes presumed to be involved In solving
the particular test, These flow dlagrams were
then all examined In order to derive a general
descriptive model.

A first approximation to this general model
is given in Figure 5 which indicates four func-
tional stages of information processing. In this
form, the model Is merely descriptive; and the
actual functions of each stage must be described
tn detatl in order to reveal the similaritles and
differences between this and other models of
cognitive processes,

In general, each stage involves rule-governed
processes, the specific processes [nvoked belng
dependent ubPon stimulus constraints, past ex-
perience, specific instrustions or trainlng pro-
cedures, and probably some experlentially de-
termined helrarchy of preference,

STAGE |, Attentional Processes

This stage includes all processes which serve
to detect those cues which are relevant w the
particular problem. Generally, it ks assumed
that S has these requisite abilities, although
good training techniques assure the assumption

7
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Evaiuation

FIGURE $. Schematic representation of a gen-
eral operational mode! of informa-
tion processing with four functionai

stages of cognitive processes.,

by providing brief initial training, or shaping,
on attending to the relevant dimenslons of a
problem.

STAGE 2. Transformation Processes

This stage represents a major departure fram
Gullford's model. While he considers transfor~
mations to be products of processes, we con-
sider the processes of transforming to be “--4a-
mental and necessary as an initial stage of in-
formation processing. This stage includes all
those processes which rerve to encode appro-
priate Information. In the trivial sense, 3
responds only to eacoded information, never
to actual stimull, so transformations are funda-
mental. However, we use the term "transforma-
tion" in the rontrivial sense to refer to those
initlal active Procasses which convert cues into
meaningful information. These rule~-governed
processas are, of course, subject to change or
enrichment as, for example, when the child
transforms stimuli into first letters, then words,
then sentences. Of the potentially many ways
in which stimuli can be transformed nto mean=-
ingful information, there does seem to be one
easily ldentifiable “dimension®, which can be
labellerd as the analytlc-synthetic dimension,
Appearing as two separate cognitive factors in
Bloom's taxonomy, these labels refer to those
cognitiva operations vhich serve either to break
down stimull into individually meanlngful ele-

8
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ments or to impose iniillal overall meanlry upon
discrete elements.

STAGE 3. Generation Processes

In this stage are included all the processes
or operations which serve to generate solutions
by systematically goiny beyond the already
transformed informatlon, Approprriate processes
would inciude all logical manipulations, the
detection of relationshlps, and the identifica-
tion of rules or patterns of sequential silinuli.
Bloom's extrapolation factor is cicarly related
here, and Guilford identifies two separate cate-
gories of productive operations, i.e., conver-
gent and divergent operations. While we readlly
accept these two active processes, we feel that
they constitute a single "dlmension” rather than
separate categories of (nformation production or
generation. Convergent generation is required
when all informnatlon elements point to a single
sojution or response. Most ltests, because they
call for a specific solution, assess 3's ability
to manipulate encoded liformation in order to
achleve an implied solution. "Logical thinking”
is a general term which describes these cognl-
tive processes or convergent generation. Di-
vergent generation, conversely, refers to the
more “creative” processes by which one achieves
new, unusual, or many different solutions from
the same information.

STACE 4. Evaluation Processes

This stage contains all processes which
serve to determine whether or not sclutlon has
been achleved. Interestingly, an argument may
be made that only the single evaluative process
of comparing exists, and that one is always
comparing two units of Information against each
other or one unit of informatlon against some
internal or external criterion. In any event,
the stage functlons as the deciston poalnt, As
Figure 4 indicates, if a r.egative evaluation
occurs, there is feedback to each prior stage
and the entire informatlon-processing sequence
may recycle with different rules lnvolved at '

~each stage,

Some general commuats about the model are
inorder. Clearly, memory is a cognitive pro-
cess and, as such, must be invelved in pro-
cessing information. The model explicitly
admits this—in fact emphasizes the point—by
showing that memory 1s Involved at all s*ages.
Stored in memory are net only currently gen-
erated outputs but also the more permanent
types of information and solutlon rules which
may be utilized at each particular stage. The
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circles in the memory section represent these
sets of stered rule-governed processes. More-
over, these circles are shown to be connected
to the output-of=-the-evaluation stage in order
to provlide a mechantsm for enriching these
"executive routines” by allowing storagr of all
successfully usea rules or. processes,

The distinction between transformatlon and
generation processes {s critical. The utility
of this distinction is best indicaved in the fol~-
lowing problem, This sequence

OTTFFSSEN_—

Is to be completed by filling in the last letter.
Before reading further, the reader is urged to
try to solve the problem and, in so doing, in-
trosPeciively 3nalyze the stages and processes
involved in his solution. C.
The instructions are simple and this problem,
as with all sequence-completion 1asks, osten-
sibly emphasizes convergent generation. That
is, the solution is implied in the relationships
among all of the elements of information in the
sequence., One must merely extend the pattern
to include the next [missing] element. The ~
critical stage ir this particular problem, how-
ever, is not generation but transfonnation, for
the problem becomes embarrassingly easy once
the stimuli are “read correctly” or, In terms of
the model, once the stimuli are transformed
into apPropriately meaningful information. This
problem 1s in fact appropriate for an elementary
arithmetic class, but it would be preceded by
the following training. The firsi sequence
would apPear as ’ '

ONE TWO THREE FOUR FIVE SIX

and all children, reading the stimull as the first
six numbers, would easily estend the seguence
with SEVEN in the blank space. Next, cone
might glve the followlng sequence

ONE TWO THR FOU FIV 51X SEV __.

and the stlmuli would be easily recognized as
the first three letters of the seven numbers,

_ Hence, extending the pattern rule, most chil~

Q

dren would correctly write EIG, Then for the
following sequence.

OH TW TH FO FI 81 5€ 81 _

the children would be set to transform the stim-

ull as the first two letters of the flrst eight nam-
bers, and they could easily generate NI to com-

plete the sequence, Finally, when faced with

OTTFFSSEH

they would transform the stimuli, not Just as
familiar alphabetical characters but as the
{nitial letters of the first nine numbers and the
pattern would be extended easily with T,
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"The point of this example is that so lon9 as
the stimult are transformed, or encoded, as
sitoply letters, there can be ne loglcal pattern
generated which ¢ould then be extended to
subply the miszing letter. However, as soon
as the stimuli are properly encoded as the
initial letters of the first nine numbers, the
pattern ls obvious and the mlssing item is
supplied easily. '

Without the benefit of the preliminary train-
ing sequences, the final problem ls, admittedly.
unfalir in the sense that it 1s highly unlikely that
one would translorm the stimulf appropriately.
But the writer feels that this may be precisely
the fault of many classroom assignmants, t.e.,
the student 1s required to generate solutions
without properly reading the problem or trans-
forming the information. To solve certain alge-
bralc Problems, for example, one must first
*read" a quantity in terms of its factors, Siml-
larly in trigonemetry the major difficulty often
lies in first recognizing the identity substitu-
tion for an expression, In summary, students
may all generate information equally weil but
they may differ considerably with respect to
their ablility to transform Information, espec-
jally in the absence of a program which explic-
itly trains this initial stage of information pro-
cessing, ’

Further evidence for the need to distinguish
between information-transformatlion and informa-~
tion-generatica processes can be found by ex-
amlining established tests of cognitive abilities,
Taken from the Kit battery, the tests examined
here are selected to reveal the differential
emphaslis on the transformation-versus-genera-
tion stage and, furthermore, to illustrate the
differential "loading" of each test on the syn=-
thetic-analytlc dimension and the convergent-
divergent dimension within, resbectively, the
transformation and generation stages.

The famillar Gestalt Completion Test {Cs-1)
is one wiich requires only approprlate trans-
formation for its solution. The §, shown in-
complete pictures, must, according to this
analysis, transform synthetically by employing
rules for "filling in” lines and spaces. In fact,
evaluation ts immediate, or insightful, as soon
as appropriate Information 1s encoded, No addl-
tional generation ls required except for trans~
ferring the encoded informatlon directly to the
evaluation stage.

The Free Associations Tesi (Fc-1), on the
other hand, requires liitle transformation but
much Information generation, In this testa
single word 1s glven and § is required to list
as many assoclations as possible. The word
must be transformed as 8 meaningful word, of
course, but beYond that the primary task is
divergent generation, i.e., the generation of
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different responses evaluated against the crl-
terla for reasonable assoclation.

Most tests, however, {nvolve both trans-
formatlon and generatlon processes. For ex-
ample, the Object Synthesls Task (Re-2) re-
qulres that two oklects, such as "a nall and a
shoe” be combined In some way to form a third
object, In terms of the present model, one must
first transform analytically, l.e., encode the
many abstract characteristics of each Item,
then generate synthetically, l.e., comblne:
selected characterlstlcs to form a functionally
meaningful new oblect (such as a spear, for
the example abcve).

Finally. a simple identlty matching test
(Identical Plctures Test—P-3) offers an inter-
esting analysls, The S 1s présented one sam~
ple siimuius and a number of matching stimuli,
only one of which exactly matches the sampie,
In terms of our analysis, the transformation is
neilther analytic nor synthetic but neutral in the
sense of merely encoding the stitmull as they
exist. Similarly, no new information Must be
processed elther synthetlcally or divergenily,
thus generation is also neutral. Evaiuation,
then, consists of merely comparing the stimulii
agalnst the sample {or stored memory of it} and
finding the ldentical match, The fact that this
task so clearly loads on a neutral, or null,
pelnt In both stages suggests that synthetlc-
analytlc processes are best described along a
dimenslon having a meaningful null, or zero,
polnt and that convergent-divergent processes
lle on a similar dimension.

Moreover, It should be readlly apparent that
this task could be made more difficult by chang
ing it to a delayed matchlng-to-sample task In
which the sample 1s not present at the time of
matching. In such a task, nemory ls obvlously
emphaslzed, slnce the various stimuli are com-
pared to a retrleved memory of the sample,
However, the same transformation and genera-
tion processes are involved desplte the addi-
tlon of the high memory load. Thus, In the
general model, memory ls assumed to be in-
volved—In either short- or lon9-term fashlon
—In all stages and does not ltself represent
a stage which is Independent of all others,
Stated differently, a tagk cannot, In our opinion,
be adequately described solely in terms of lts
memory requirements and without regard to the
transformatlon and 9eneration processes involved.

By way of a general summary, the model ten-
tatlvely proposed here emphaslzes two stages
of Information processing. The Initial transfor-
mation stage Involves cognltive processes which
encode aPproprlate and useful Information., The
second~-generatlon stage involves cognltive pro-
cesses which accept the encoded Informatlon
and generate additional information which can
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be evaluated In terms of Progress to a solutlon,
oreaver, it |s suggested that transformation
processes can be usefully described In terms
of & synthetlc-analytlc dimensloni and that
generatlon processes can be slmilarly do-
scribed in terms of a convergent-divergent
dimension,

Though this model does appear to be slg-
nificantly different from Gullford's, it should
be noted that his oPeratlon catedory of cognl-
tlon does Lnclude processes which we call
“transformations.” Also, Guilford does pre-
sent an oPerational model {p. 315} which he
claims can be derived from bis morphological
81 model and which more closely resembles the
model presented here.

With regard to general theoretical lmplica-
tions of the model, the first point to be made
i3 that this tyPe of model does not attemPt to
define the specific processes involved gt each
stage. The Purpose of this model was to de-
scribe functional categories of cognitive pro-
cesses In an effort to provide a tractable frame-
work within which a systematic, intensive,
further analysls could be made. Jur model
suggests four Jeneral categories: Attention
processes, Transformation processes, Genera-
tien processes, and Evaluatlon Processes.
Within this framework the critical questlon of
general psycholodical Interest seems obvious:
What are the speclflc ways In which develop-
Ing humans attend. transform, generate, and
evaluate? It was our Intention to pursue this
question and identify the speclfic cognitive
abilities whlch can be employed at each stage.

These initlal efforts forced us to favor a
"dimenslonal approach" for identifylng and
organizing specific cognitive processes, This
approach, ysed successfully by Osgood and
his assoclates {Osgood, Sucl, & Tannenbaum,
1957) in the analysls of “meaning”, offers an
efflcient method for organlzing a mere listing
of osteaslbly discrete processes. Already pro-
posed are the synthetlc-analytic dimension for
describlng transformation Processes and the
convergent-diver9ent dimension for describlng
generation processes,. Other dimensions should
become identified a¢$ one completes an Inten-
sive taxonomy of processes within each stage.

The theoretical slgnificance of the distinc-
tlen between transformation and 9eneration pro-
cesses apparently has Indirect suPport from the
developmental theory of Plaget. Although his
theory 1s discouragingly elusive when applied
to speclfic test sltuations, this writer feels that
Plaget's processes of assimilation and accomu=
dation correspond roughly to the Processes of
transformati{on and generation respectlvely.

Research on creativity training also tends to
valldate the two stages and the two dlmenslons
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prapased In the present model. The very suc-
cessful research program conducted at the
Wisconsin Research and Development Center
by Professor Davis (cee Davis, et al.,, 1968)
has resulted !n procedures which, in terms of
the model, essentlally train Ss first to trans-
form analytically [encode speclfic character-
Istics), then generate divergently [suggest
new uses on the basis of the specific charac-
terlstics]. In fact, one could describe the
creative person as one whose dominant cogni-
tive processes are of the analytic-divergent
combination.

Finally, the model apparently has relevance
for the study of "cognitive s.yles." The Hidden
Figures Test, fo1 example, reliably identifies
two populations of people, l.e., "global versus
analytical" types (see Davis, 1967). To solve
this task S musi stmply detect a figure which is
embedded, or hidden, within some larger, more
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compilex, figure. Interms of the present model,
the task dlfferentlates those who transform syn-
thetically (or those who cannot Inhibit encoding
of the entire figure) from those who transform
analytically (or those who can encode the sep-
arate features and who, consequently, can de-
tect, or match, the hidden figurel. Because
there are s0 many ways in which one may trans-
form initially, it 13 not surprislng that one de~
velops a falrly fixed pattern of selecting these
transformation rules. This pattern, then, is
described as a "cognitive style" and assessed
with tasks such as the Hldden Figures Test,
According to the model, It should be assumed
that these selection patterns occur at all four
stages, and any comPlete cognitive style analy=-
sis, therefore, should include the identification
of the dominant pattern at each level. The diag-
nostic value of such analyses among school-
aged children seems too obvious o belabor here.

11
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MPLICAT.ONS FOR EDUCATION

As stated earlier, one reason for deriving a
general model §s that the model should provide
a convenient system for describing an effective
task analysis of any subject matter. A task
analysis usually consists of breaking down a
glven pedagogical problem Into sequentially
requisite behavlors {or perhaps requislte cog-
nitive Processes which gnderlie the specific
behavlors) so that a proposed training program
is forced to consider explicitly all necessary
intermediat = behaviors. A general model can
facilitate such a task analysis by guiding, or
structuring, the tybPe of questions agked. The
present model, for example, would naturally
structure the analysis in terms of the behaviors
{or cognitive processes) involved in each of the
four stages.

To illustrate the usefulness of such an ap-
proach, the writer's model will be used to de-
scribe an analysis of an elementary mathemat-
ics program. A mathematics program s used
because the writer and Professor Thomas
fomberg, a mathematics specializt in the
Wisconsin Research and Development Center,
Initiated a research project designed to improve
the teaching of elementary mathematics. These
two principal Investlgators had agreed from the
outset that the most fruitful approach lnvolved
firat the identificatlon of mathematical objec-
tives then the [dentification ©f behaviors
and/or ¢ognitive Processes which presumably
medlate the acquisition of each mathematical
objective. Although the writer was still strug-
gling wlith the development of a tractable gen-
eral model, the analytical approach was similar
in the math Projest; hence, our thinking on that
project can now easily be couched in terms oi
the model reported here.

The mathematics project, reported in detail
elsewhere (Rombery, Fletcher, & Scott, 1968),
began with a survey of general mathematics
objectives and the declston that the first malor
goal or objectlve was mastery of addition and
subtraction Problems such as 2+ 3 =%, The
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first step toward an analysis involved rewriting
the problem as 5= 3 + 2 and then, in {ts most
general form, as A = B + X. Stated In this form,
the problem conceptually becomes one of "com-
paring and equalizing", i{,e., one must com-
pare two quantitles A and B and make them
equal by adding to or taking away from. Stated
more elaborately In terms of the 4-stage model,
S must (1) attend to a specific attrlbute, e,g.,
numerousness: (2) transform, or encode, the
sbecific values of A and B; (3) generate a
method for eliminating the difference: and
{4) evaluate the result by comparing Ato B + X,

Accepting what was bastcally this analysis
of the problem. our stratedy was not to Involve
"numerousness” from the outset but, rather, to
traln 88 on the necessary operations [or pro-
cesses) first by involving a stimnlusz attribute
which was easily and immediately encodable,
f.e., length. We, therefore, first tralned 8s
to attend to various attributes {shape, color,
etc.) and then to attend to the critlcal attri-
bute of length, Using calibrated rods, we
then trained Ss to "compare and equalize”
lengths, i.e., encode the [obvicus] differences
in length, reduce the difference by adding other
lengths to one, and evaluate [compare] the re-
sults. All chlldren could Perform the correct
operations with lengths: hence, in terms of
the model appropriate cognitive processes and
behaviors were established at each stage well
before the more difficult attritute of numerous-
ness was introduced. The "problem", there-
fore, consisted merely of training g3 to perform
the fdentlcal operations with the new attribute
of nurmerousness, This was achieved by a
training program which gradually but systemati-
cally trained §s to use first physical representa-
tions for units of length, then symbolic repre-
sentations for units of lengths, [hence num-
bers), at which Polnt the chlldren were solving
arithmetic problems In the form 5 =3 £ X.

The programming detalls are irrelevant to the
purpPoses of this paPer. Suffice it 1o say that

13



the program was reassuringly successful, The
terminal performance of the chiidren tralned
with our program was equal to that of another
class of significantly higher Initial abilities
and which, trained with traditional procedures,
spent much more time learning to solve the
same problems, Moreover, the teacher re-
ported that our program was inherently more
interesting, motlvating, and "understandable.”

The point iliustrated here is that although
arithmetic objectives were flrat identified, the
analysis was made in terms of general opera-
tions, or cognitive processes, and the training
program expilcitly emPhasized first these gen-
eral operations with non-arithmetic materials,
Within each stage, thoe operations Identified
were patentiy simple, and ail children were
demonstrably capable of loglically solving this
class of problem from the very beginning. It
was only necessary, then, to structure their
experience so that new stimuii [ultimately
arithemtic stimuli} were gradually assimilated
so that the same general operations could then
be performed with new hut equally meaningful
arithmetic stimuil,

This general approach—analyzing in terms
of underlying cognitive operatlons or processes
~—shnuld he applicable to any subject matter.
An analysis of elementary science concepts
war made by a group convened under the aus-
plces of the American Associlation for the Ad~
vancement of Sclence (1863}, Though the
analysis was more general than the type sug-
gesied in this paper, the group's organized

14
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outline of concepts seems to have hbeen suc-
cessful and it is heing adopted widely through=
out the country.

It would appear that reading would he par-
ticularly susceptible to this type of analysis,
As the child progresses {from reading letters,
to words. to phrases, he s essentlally trans-
forming, or encoding, according to more com-
plex rules. Moreover, n order to pronounce
and read new words, he must rely upon de-
rived rules for generating this new information.
Hence, an operational analysis of reading
could reveal some fundamental cognitive pro-
cesses lnvolved in both the transformation
and generaion siage.

Perhaps the most significant heneflt de~
rived from using this 4-stage model {or any
similar model) (s that, by imposing a common
structure upon analyses within various subject
matters, the model provides a convenlent
vehicle for organizing the results of indepen-
dent efforts. FPor example, the Identifica-
tion of transformation processes, whether
obtained from analyses of arithmetic, reading,
or sclience, could he Integrated for a more
complete description of the dimenslons of
avallable transformration processes, It ig
precisely this kind of integration which is
needed to Improve thls model or provide the
basis for constructing an entirely different
model., Moreover, as the model improves in
comPleteness it obviously becomer more
powerfuliy relevant to subsequent tusk analy-
ses of any pedagogical problem,
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CONCLUOING COMMENTS

This has been a report of unfinished ex-
periments and nascent theoretical ideas. The
primary purpose of the report Is to leave be-
hind some viable theoretical thoughts because
the writer Is convinced that more than anything
else education desperately needs a useful
general mecdel which describes the cognitive
abilities of children.

But whose responsibility is it to Generate
such a theory? Clearly not the experimental
psychologist, for psycholody has long ago
opted to ape the other "hard" sciences by
fgnorind real-life learning situations and cre-
ating, instead, well-controlled but artificial
laboratcry situations in which to study and
develeo "minlature models." And the profes-
slonal educators, yielding to the ressures of
an understandably impatient nation, have had
to implement changes in curriculum and texts
In the often dim llght of their own limited per-
sonal experlence, What was lacking, clearly,
was a sound technology of education; that is,
an organization for incorporating existing
knowledge and translating that knowledge into
effective pedagogical methods and materials
by slow, but systematic, research and devel-
opment. Fortunately, a viable organization
did develop recently to fil] the obvious void:
This crganization, educational psychology,
contains members who, Individually, cross
many academic disciplines. One may find
within a single person enough knowledge of
psychology and sufficient subject matter ex-
pertise to produce effective new educational
materials. This type is rare, however, and
must be the exception. Inthe writer's opin-
fon, the most efficient technology includes
“teams" of subject matter specialists and psy-~-
chologlsts. Both may be defined operationaily
then as education psycholotists. The unique
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result of such a team is their eventual recog-
nition of the need for a common system or theory.
But redardless of how this organization is com-
posed, It Is the educational psychologlst who
must assume the responsibility for generating
the general theory or model which can Integrate
the minlature theories of psychology and which
can apply to actual pedagogical problems.

But what type of model should be adopted ?
Certainly chemistry hag profited Immensely
from the morpholeogical Periodic Table devel-
oped by Mendeleef over 100 years ago. Any
suzh morphological arrangement, |.e., a logl-
cal matrix of elements, does provide an aes-
thetically pleasing Integration which reveals
orderliness and relationships and which in-
mediately discloges missing components.
Gulldford's SI represents such a morphological
model and must be consldered an enormous in-
tegrative contribution to educational psychol-
ogy. The writer, however, obviously prefers
an operational model which immediately empha-
slzes the active information-processing and
solution-generating behavior which is sharac-
teristic of the learner. The most complete
model will probably be a composite type in
which operational stages are first defined and
then a morphological table Is constructed to
describe the specific cognitive process within
each stage.

The question of what model is best will,
hopefully. be answered empirically. The model
which serves best will emerge and survive. It
is only aecessary that educational psycholo-
gists with various interests and biases con-
tribute to the construction of these general
models. The writer Intends to continue devel-
opment of the model tentatively suggested here
and he invites any comments on this or similar
efforts made by others.
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