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On the Relationships Between Short-Term

Learning and Fluid and Crystallized Intelligence
P. S. Hundal

Guru Nanak University
John L. Horn

University of Denver

Eleven indicants of intelligence and 10 measures
of short-term learning were studied in a sample of
265 fourteen-year-olds using the inter-battery
methods developed by Tucker. The results indicated
two broad factors of intelligence, interpreted as
fluid intelligence (Gf) and crystallized intelligence
(Gc), coordinate with two broad factors of short-
term learning, interpreted as indicating primary
memory (PM) and secondary acquisition (SAC). To
a considerable extent the learning variables were in-

dependent of the indicants of intelligence, thus sug-
gesting (in conformance with previous findings) that
intelligence should not be equated with learning
over short periods of time. The major variance in
common between short-term learning and intelli-

gence variables is linked to meaningful associations
and learning mediated by such associations, but to
a lesser extent both Gf and Gc involve the span of

apprehension of primary memory. The results
suggest that acquisition mediated by meaningful as-
sociations is more nearly characteristic of Gc than
of Gf, but this may mainly reflect the selection of
variables used in this study.

Theoretical Introduction

The ability to learn is often regarded as the

sine qua non of intelligence. Perhaps just as

often this viewpoint is criticized as oversimpli-
fied or precisely wrong, the assertion being that
there is no notable relationship between intelli-

gence and ability to learn. (For example, com-

pare the contributions of Buckingham and Col-
win with those of Terman and Haggerty in the
Pintner, 1945 symposium, or see Guilford, 1967,
for review.) An extreme form of the latter view is

clearly invalidated by the evidence. But the evi-
dence also clearly indicates that at least some
forms of learning bear only a very low relation-
ship to at least some of the well-accepted indi-
cants of intelligence. Thus, if learning is indeed
the sine qua non of intelligence, then the refer-
ence must be to a particular form of learning,
and intelligence also must be defined more nar-

rowly than is common.

At least since the time of Woodrow (1938) it
has been known that there are reliably indepen-
dent dimensions of individual differences in

learning performances. The evidence that there
are reliably distinct components of conglomer-
ate measures of intelligence dates from an even
earlier period, as in the pioneering work of

Spearman, Burt and Thurstone. For a variety of

learning tasks the general finding has been, also,
that when learning is defined as rate of change
over relatively short periods of time (one of the

longest periods being the 39 days of Woodrow’s
studies) it has only low (.3 or below) correlations
with either separate components of intelligence
or a conglomerate measure of the general factor
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(see Birren and Woodruff, 1973; Carroll, 1975;
Fleishman and Rich, 1963; Duncanson, 1964;
Guilford, 1967; Tucker, 1963 for some results
and reviews which provide different perspectives
on this theme). The unreliabilities of difference
scores and other problems with the learning
measures (lack of ceiling in the tasks, for

example) often plague efforts to properly inter-
pret these findings. But it seems that when these

problems are taken firmly into account, the cor-
relations between well-accepted indicants of in-

telligence and measures of rate-of-change in

learning remain low (e.g., Allison, 1960; Carver
and Dubois, 1967; Duncanson, 1964; Haroot-

union, 1960; Jensen, 1964; Stevenson, Friedrichs
and Simpson, 1970; Woodrow, 1938). In par-
ticular, the correlations are low relative to those

indicating relationships between components of

intelligence and outcomes of what might be
called &dquo;real-life learning,&dquo; as in measures of

academic achievement. Typically these are

about .5 and they can range upwards to as high
as .8. It can be argued, of course, that academic
achievement is largely the same thing as is

measured with the tasks of intelligence tests,

and therefore the prediction of the former from
the latter is primarily only overlap in measure-
ment. But this merely puts a somewhat different

interpretation on the observations noted above.
In sum, then, it seems that several kinds of

learning are not highly predictive of various

developmental outcomes which are identified as
indicants of intelligence (and vice versa).
Jensen (e.g., 1970) has emphasized the above-

mentioned observation by specifying a theory of
two intelligences, one identified with perfor-
mances on short-term learning tasks, intelli-

gence I, and one defined by commonly accepted
(by professionals) measures of intelligence, intel-
ligence II. This theory is sometimes discussed as
if it were virtually equivalent to the theory of
fluid intelligence (Gf) and crystallized intelli-

gence (Gc), as stated by Cattell (1963, 1971) and
Horn (1967, 1968, 1970, 1972, 1975). In

particular there have been suggestions (e.g., Jen-
sen, 1973) that intelligence I represents much

the same thing as fluid intelligence. In fact, how-
ever, the Jensen theory and Gf-Gc theory have
rather different empirical referents and implica-
tions and involve different explanatory concepts
(particularly as pertains to origin in develop-
ment). In Gf-Gc theory, short-term learning
tasks are regarded as indicating a process

peculiar to such learning, just as in Jensen’s

theory, but this process is believed to be largely
independent of the Gf and Gc forms of intejll-
gence. Indeed, a broad short-term acquisition
factor (SAF) has now been found to be reliably
independent of Gf and Gc functions in several
studies (e.g., see the reviews and results of Cat-
tell, 1971; Horn, 1970, 1975, 1976; Horn and

Bramble, 1967; Rossman and Horn, 1972), al-

though the learning tasks also have nonzero cor-
relations with the Gf and Gc factors. Thus it

seems that both Gf and Gc involve, or are pre-
dictive of, short-term learning, but much of the
reliable variance of such learning tasks repre-
sents functions that are distinct from those

usually accepted as highly indicative of intelli-

gence.

Building on the findings of Botwinick and
Storandt (1974), Horn (1975) has suggested that
the SAF function is capacity, or effortfulness, of
concentration in achieving primary memory.
Perhaps this should be regarded as a form of in-

telligence (namely the intelligence I of Jensen’s
theory). If so it should be recognized as

representing rather more elementary processes
of thinking than are measured in Gf and Gc
(even as is suggested in Jensen’s theory). Short-
term learning is found early in evolutionary and
child development and in this sense is by no
means the sine qua non of human, adult intelli-

gence. In any case, the essential point is that

whereas the intelligences of Gf and Gc do indeed
involve span of apprehension and short-term ac-
quisition functions, there is reliable variance in
SAF tasks which is neither of Gf or Gc and is

itself cohesive in the sense that it forms a

common factor.

A distinction between primary memory and

secondary acquisition has been suggested by re-
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search on learning and cognitive processes in
which individual differences were not the focus

of concern (see Horn, 1974, 1975 for reviews).
The distinction is indicated by the well-known

primacy and recency effects in learning, for

example, but it is suggested by several other

findings as well (see Kintsch, 1970). Basically the
notion is that primary memory (PM) indicates
the individual’s capacity to hold discrete items
of information within the span of immediate ap-

prehension without these items themselves being
meaningfully associated. In the well-known di-
chotic listening research (Broadbent, 1954), for

example, it is shown that in the very short term
the person remembers by means of sensory de-

scriptors (the ear at which the stimuli were

sensed) rather than in terms of relationships
among the stimuli (odd versus even numbers).
Such memory, indicated by the recency effect, is
evanescent, lasting perhaps no longer than 30
seconds if there is no rehearsal. If stimuli are ap-

prehended in terms of meaningful descriptors,
however, as indicated by the primacy effect, then
the material can be retained for much longer
periods of time. This is referred to here as sec-

ondary acquisition (SAC).

Collectively, the findings in this area of learn-

ing led Mandler (1967) to propose that the span
memory which Miller (1965) colorfully described
as a magical number 7 + 2 for information pro-
cessing is in fact comprised of a primary
memory (PM) with span of roughly 4 -~- 1 and a

secondary process (SAC) with span of roughly 3

± 1. These processes have been indicated clearly
in research in which individual differences are

treated as error, but there is no compelling
evidence that there are notable and independent
individual differences in the two processes. How-

ever, there is ample evidence of notable indi-
vidual differences in span memory, as such (PM

plus SAC). Also, we have at least one pre-

liminary set of results showing that the primacy
and secondary processes are reliably indepen-
dent (Horn, Donaldson, Mason, Pisarowicz and

Ward, 1975). Hence it seems likely that what has
been shown to be of interest in extensive re-

search on learning will be of relevance also for

understanding individual differences in intellec-
tual performances.
The suggestion is, therefore, that some forms

of short-term learning depend very much on

meaningful mediation (verbal mediation being
perhaps the easiest to identify), whereas other
forms of such learning involve this kind of

mediation much less or not at all. The

suggestion is, too, that these processes relate dif-

ferently to Gf and Gc and represent a function
(or functions) that is (are) independent of Gf and
Gc. The present study was designed to follow up
on these suggestions and attempt to make the
relevant evidence a bit more definitive. At this

point in the development of Gf-Gc theory it

would seem that to the extent that an SAF task

represents secondary acquisition and to the ex-
tent that this is mediated by the knowledge of
advanced acculturation, to that extent the

measure should relate more to Gc than to Gf or

to a separate SAF factor. On the other hand to
the extent that an SAF task represents
secondary acquisition and mediation of the kind
that involves perception of relationships that is
not greatly enhanced by advanced acculturation,
to that extent the SAF measure should relate

more to Gf than to Gc. Thus SAC tasks can re-

late to either Gf or Gc and the principal deter-
minant of which they relate to is the extent to
which acculturation facilitates associations.

The hypotheses in respect to primary memory
are more ticklish. It seems that primary memory
must be involved in reasoning in which several

aspects of a problem must be held in immediate
awareness while one works out the relationships
among the aspects in order to solve the problem.
Such reasoning is very prominent in the vari-
ables which define Gf, but it must be present
also in Gc in the acquisition of the concepts and
aids of which this is comprised. To a lesser ex-
tent, this reasoning also must be present in some
of the tasks which define it (verbal analogies, for

example). Hence a case can be made for primary
memory being prominently related to both Gf
and Gc. It is not unequivocally clear that it
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should relate more to one than to the other,
although it would seem that it might well have a

stronger relationship to Gf because a larger pro-
portion of the variance of this factor represents
reasoning in the immediate situation (as
opposed to in the past). In either case the evi-
dence reviewed above (and in Horn, 1974, 1975,
1976) suggests that a substantial proportion of
primary memory variance should be unrelated
to either Gf or Gc.

Methodological Rationale

In broad overview, then, our purpose here is
one of providing an improved description of the

relationships among indicants of short-term

apprehension and acquisition (retention being
implied) and indicants of intelligence. But how
best to try to describe these relationships given a
collection of variables representing (ex hy-
pothesi) the major kinds of influence? The

thought was that perhaps Tucker’s (1958) inter-

battery method of factor analysis might be parti-
cularly appropriate for this purpose. This proce-
dure has been practically ignored in psycholog-
ical research. Yet is seems to be analytically
sound and to be based upon a rationale that

provides a useful metatheory for some kinds of
substantive issues. This rationale can be de-

scribed roughly as follows.
One first supposes that sets of variables are

usefully regarded as distinct. For example, the
indicants of intelligence in psychometric tests
can be regarded as distinct in a number of ways
from the SAF variables derived from research on

learning and cognitive processes. One then rea-
sons that the variance of primary interest in

these two sets of variables is that of the covari-

ance between the two, exclusive of the covari-

ance within each set. In the present research in-
terest is focused on the processes which may be

common to SAF variables and psychometric in-
dicants of intelligence, excluding reliable var-
iance within each set of variables considered

separately. It is implied that the latter would
contain systematic influences pertaining to test-

ing devices or forms of measurement which,

while interesting for some purposes, are best laid
aside in a study focusing on the processes of SAF
and intelligence. The methods do not preclude
the possibility of identifying separate factors of
SAF and intelligence; they merely force primary
consideration on the covariance between the two

classes of variables. Thus it would seem that

with a proper selection of variables, application
of Tucker’s methods might indicate the distinc-
tion between primary memory and secondary ac-

quisition, as well as the distinction between Gf
and Gc. Since the methods also provide indica-
tions of the relationships between various fac-
tors, they can suggest the relationships of Gf and
Gc to any SAF functions that might be in-

dicated.

It can be argued also that because the inter-

battery methods have been used only very little
in substantive research, it is worthwhile to study
these methods, as such, by finding out how they
work with variables that have a prominent place
in psychological theory.

Procedures

Subjects

The data were gathered in the IXth form of a
Higher Secondary School in Chandigarh, India.
In all, 306 students were available for study, of
which 265 were obtained in the final sample.
Absences and failures in obtaining complete test
results accounted for the loss of 41 potential
subjects. No analyses were run to test hypotheses
that the group of 41 omitted students was sys-

tematically different from the selected sample,
since mere absences appeared to be unrelated to
the testing. The median age of the students was
about 14 years.

Sampling of Variables

A variety of miniature learning tasks was used
in an effort to represent the SAF domain of vari-

ables. Because both paired associate and serial

learning have been extensively studied, tasks

representing both of these kinds of learning were

sampled. Because verbal mediation was believed
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Table 1

Variables of SAF Learning and Intelligence

to be an important variable, each kind of learn-

ing was represented by tasks in which perfor-
mance seemingly would be very much aided by
such mediation and by tasks in which such aid
would be less likely to be a noteworthy deter-
minant of performance. Because figural, seman-
tic and symbolic materials were used in ob-

taining psychometric indicants of intelligence,
this variation on content was also used in speci-
fying the learning variables. The learning var-
iables selected on the basis of these considera-

tions are described briefly in the upper section of
Table 1.

The learning variables were pretesteu and re-
vised in a pilot study to establish appropriate
difficulty levels and adequate reliabilities. This
work was based upon a sample of 150 form IX

students drawn from a Higher Secondary School
that was different from, but very similar to, the

one used in the factor analyses.
The learning tasks were administered individ-

ually in the order SLM, PAM, SLNS, PANS-1,
SLN, PANS-2, SLF, PAN, DR, PAF (see Table

1). Five minutes rest was given between each
task and after five tasks had been completed a
20-minute break was given. Students were called
from different classes in a predecided random
manner, and they were encouraged not to dis-
cuss the testing with their classmates. It was be-
lieved that only very minimal variance was

introduced as a result of students talking with
each other about the testing.
The paired associates tasks were presented

with an electric memory drum. Retention was
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checked using the anticipation method de-

scribed by Duncanson (1964). The regulator of
the memory drum was set to provide a presenta-
tion every two seconds, except in the PAF task
where the subject was required to draw his re-

sponse and thus rate was set manually in re-

sponse to his response. A pause of six seconds

separated each of the 15 trials.
The SLNS, SLM and SLN tasks were also

presented using the memory drum. The SLF
task was administered in a booklet in which one

figure appeared on each page. Exposure time in
each case was fixed at two seconds per stimulus.

The test intervals for SLNS, SLM, SLN and SLF
were 1.0, 1.0, 0.5 and 1.25 minutes respectively.

For the reasons suggested by Jensen (1964) the

learning tasks were in each case scored as the
total number of correct responses given by the

subject over the trials allowed (15 in the paired
associate tasks, 12 in the serial learning tasks).
Liberal standards were allowed in spelling or

drawing of the response.
To obtain the digit recall measure, sets of

from 3 to 12 digits were presented orally starting
with the smallest set and moving in order to suc-

cessively larger sets. The subject was instructed
to reproduce the digits in precisely the same
order as they were presented. In scoring, one

point was given for every item recalled in the po-
sition it occupied in the presentation; the total
score was the number of points earned.
To represent the psychometric indicants of in-

telligence, the seven subtests of Hundal’s

GMAT, General Mental Ability Test (Singh,
1967), were used along with the four subtests of
the IPAT Culture-Fair Intelligence Test, Scale 2
(Cattell and Cattell, 1960). These variables are
described in the lower part of Table 1.
The tests were administered in groups of ap-

proximately 30 subjects per group in the class-
rooms the students met in for their academic

work. In this testing, as well as the learning
tasks, the students were assured that their

results were to be used only for research pur-
poses and would not be made available to

anyone except themselves. It seemed that the

students were well motivated to do only their
own work and to do as well as they could.

Results

Learning curves and reliabilities were calcu-
lated. The results from these analyses are avail-
able from Hundal upon request. In general, they
indicate adequate reliability for most variables
and an upward trend in the learning tasks until
the last trial. This suggests that learning had not
yet reached asymptote.

For purposes of inter-battery analysis, the

intercorrelations between the 11 psychometric
indicants of intelligence and the 10 learning
variables were obtained. These are shown in

Table 2.

The inter-battery methods were applied for

potential two-, three- and four-factor solutions
even though the assumption was that a two-

Table 2

Correlations Between Intelligence and Learning Variables ( N = 265)

Note. With this size sample a correlation of .12 is significantly different from zero
at the .05 level; one of .17 is significant at the .01 level.
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factor solution would suffice. In fact, the two-
factor solution appeared to be best, both be-
cause it captured most of the common covari-
ance and because it seemed to make the best

sense from a theoretical viewpoint. Therefore,
this is the solution employed here. The other
solutions may be obtained from either of the

authors upon request.
Using the procedures suggested by Tucker’s

presentation of the inter-battery method, the
factor coefficient matrices for the learning and
intelligence measures were rotated indepen-
dently. Both the varimax and the promax (power
set at five) criteria were tried. As would be

expected, the results from the two kinds of rota-
tion were very similar: the interpretations of the
factors would be virtually the same for either.
Because the varimax solution provides a some-
what more parsimonious representation of these
results than does the oblique solution, it is

shown in Tables 3 and 4. The promax solution

may be obtained from either of the authors upon

request.
Factor scores based upon the solutions shown

in Tables 3 and 4 were calculated using the
direct procedure (Horn, 1965). The intercorrela-
tions among these scores were then calculated to

indicate the relationships between the dimen-
sions representing components of learning and

Table 3

Factor Coefficients for Learning Variables 
_.

those representing components of intellect. The
relevant intercorrelations are provided in Table
5.

Discussion

It can be noted first that the results of Table 2

are consistent with much previous research

showing correlations of about .30 or lower

between short-term learning variables and indi-
cants of intelligence. The reliabilities of the

learning and psychometric variables are in ex-
cess of .7, and so in theory could have substan-

tially larger correlations than are found here.
Thus, these results again verify the general find-

ing of considerable independence between learn-

ing and the various indicants of intelligence.

Table 4

Varimax Factor Coefficients for Intelligence Variables
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Table 5

Intercorrelations Between

Inter-Battery Factors

’ 

Secondly, the results of Table 4 indicate again
the commonly-found distinction between fluid
and crystallized intelligence. Gc, the broader of
the two factors, is defined primarily by Verbal

Comprehension and Semantic Reasoning (CLN,
INF and AN), but it also has a noteworthy rela-

tionship to Number Series, which often is a

marker for the Induction primary ability. It

would seem that the crystallized skills of mathe-
matics are involved to a considerable extent in

Number Series, and that this accounts for the

finding that this variable has a relatively larger
loading on Gc and smaller loading on Gf than is
indicated for Figure Series, which also is an indi-
cant of the Induction primary ability. As in

several previous studies (e.g., Cattell, 1971;
Horn, 1970, 1972, 1976), the Gf factor is defined

primarily by Matrices and other Figural Reason-

ing tasks, but also has noteworthy correlations
with Analogies and Number Series. Here, too,
the factor is found to be significantly related to
the Following Directions task.
Thus, findings for the psychometric devices

are mainly of interest in showing replication of

previous work. Of more interest for the evolution
of knowledge in this area are the results for the

learning variables. The interpretation which

should be given to these findings is by no means
obvious.

Of possible primary importance is the fact

that the proportion of common variance for fac-
tor C is over twice that for factor D. Since on a

priori grounds the principal variance in common
between the variables of learning and intel-

lect-the variance analysed-is believed to rep-
resent meaningful associations and learning
mediated by such comprehension, it can be

argued that factor C does indeed represent
mainly an influence of mediation in the learning

variables. This would link the factor at least

roughly to the secondary acquisition process
(SAC) discussed in the theoretical introduction
of this paper. Such an interpretation is sup-

ported by the fact that in both paired associate
and serial learning, the tasks most likely to in-
volve associations have their major variance in
factor C rather than in factor D. This observa-

tion must be qualified by the fact that in each
case the meaningfulness of the tasks is that of
the culture and thus the variance also reflects

the acculturation of Gc. This is perhaps em-

phasized in the convergence brought about by
the inter-battery procedures (although recall

that we are looking at the rotated results, not the

principal components). The observation needs to
be qualified also by the fact that both of the

paired associate tasks based upon nonsense

materials (PANS-1 and PANS-2) have notably
higher correlations with factor C than with fac-
tor D. This finding may be consistent with Ey-
senck’s (1967) contention that there is a &dquo; ... de-

pendence of paired associate learning on verbal
mediation, in contrast to the rote character of
serial learning ... &dquo; It is not unreasonable to

suppose that a considerable amount of variance

on tasks involving even nonsense syllables is

produced by individual differences in recog-

nizing the stimuli as possible parts of words or
as having associations which are aided by accul-
turation. In any case, it seems that in factor C

there is emphasis on learning mediated by
meaningful associations, even as the process

may be somewhat more complicated than this.

Tentatively, therefore, it is interpreted as repre-
senting mainly secondary acquisition (SAC).

Following the lead suggested above and in

previous sections of this report, factor D might
be interpreted as representing primary memory
(PM). This is supported by the fact that the
factor has small variance relative to factor C and

that this is particularly true for variables in

which meaningful associations are most possi-
ble. The DR variable, representing the span
memory of 7 + 2 comprised of primary memory
and secondary acquisition, splits its variance be-
tween factor C and factor D, as expected if indi-
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vidual differences in the two processes are distri-

buted independently. Similarly, the variance of
other learning tasks is split in a way to suggest a
dominant influence of secondary acquisition
and a less pronounced influence of primary
memory.
A case might be made for supposing that fac-

tor D represents memory with figural materials,
which also are emphasized in factor B, inter-

preted as Gf. Support for such an interpretation
certainly is provided by the prominent loading of
SLF on factor D. But contrary to this hypothesis
is the fact that the other learning variables of the
factor are not figural and PAF correlates only
.11 with the factor (although it must be granted
that the communality for this latter variable is

very small and thus the variable may represent
mainly a random influence relative to the other
variables of this study).

For present purposes factor D is tentatively
interpreted as mainly representing primary
memory (PM), although that this interpretation
is debatable and must be supported by further
research before it can be accepted as com-

pelling.
Given these tentative interpretations, the re-

sults of Table 5 can be viewed as an indication of

the extent to which SAC and PM are implicated
in Gf and Gc respectively. As expected, SAC is
more highly related to Gc than to Gf. Although
the correlational results of Table 5 are partly
only a restatement of the results produced by the

inter-battery procedures, it is of some interest to
note that when the r coefficients are treated as

those for different variables the difference be-

tween the Gc-SAC correlation of .69 and Gf-

SAC correlation of .44 is found to be significant.
The difference between the Gc-PM and Gf-PM

correlations, however, is not significant.
The findings thus indicate that mediated

learning is an aspect of both Gf and Gc, but may
be implicated to a greater extent in Gc than in
Gf. It is possible, however, that this latter find-

ing mainly reflects the fact (ex hypothesi) that it
is easier for experimenters to create tasks in

which mediation is aided by the acculturation of

Gc than it is to create tasks in which this is not

true. Primary memory, also, is an aspect of both
the Gf and Gc forms of intelligence. In this case
the involvements of PM in Gf and Gc are about

the same.

Summary

The major implications of this research can be

briefly summarized as follows:
1) Psychometric indicants of intelligence have

notable, but not substantial, variance in com-
mon with the short-term learning variables

studied most intensively in some 50 years of re-
search on learning.

2) The major common variance between psy-
chometric indicants of intelligence and short-
term learning variables represents meaningful
associations and learning mediated by such as-
sociations.

3) To a lesser extent intelligence (as indicated
by psychometric indicants) involves the span of

apprehension of primary memory.
4) Two forms of intelligence, fluid intelligence

(Gf) and crystallized intelligence (Gc), involve

primary memory to about the same extent, but

acquisition mediated by meaningful associations
is involved more in Gc than in Gf.

5) Span memory, measured by the number of

digits recalled immediately after presentation, is
made up of the two components mentioned

above, primary memory and secondary acquisi-
tion, and on this basis also has variance partly in
Gf and partly in Gc.
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