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CESCRIFPTORS~ *LEARNING FROCESSES, EXFPERIMENTS, *CCGNITIVE
FROCESSES,; TASK FERFORMANCE, *CLASSIFICATICN, LOGICAL
THINKING, TAXCONOMY, *ASSCCIATIVE LEARNING,

GIVEN THE TASK OF LEARNING A SERIES OF RANDOMLY CORDERED
MEANINGFUL ITEMS, MOST SUBJECTS (SS) IMFOSE SOME ORGANIZATION .
ON THE MATERIAL DURING THE PROCESS OF LEARNING. AN ;
EXFERIMENTAL FARACIGM IS DESCRIBEC WHICH- FERMITS THE ‘
OBJECTIVE SCORING OF EACH S'S SUBJECTIVE ORGANIZATION OF THE
MATERIAL ON EACH LEARNING TRIAL. THE CENTRAL FEATURE OF THE
FARACIGM IS THE UTILIZATION CGF AN ESSENTIALLY UNSTRUCTURED
STUCY SHEET WHICH EACH S FREFARES ANEW, FOR HIS COWN USEj
DURING EACH LEARNING TRIAL. NEW INDICES ARE DEVELCFED FOR
MEASURING~-- (1) THE CONSISTENCY CF ORGANIZATICON (INDEFENDENT
OF SEQUENTIAL CRDER) FROM ONE TRIAL TO THE NEXT, (2) THE
STEREOTYFY CF ORGANIZATICN ACROSS SS ON ANY CONE TRIAL, AND
(3) ‘THE EXTENT TO WHICH SFECIFIC FAIRS CF WORDS ARE TO BE
FOUNC IN THE SAME SUBJECTIVE CATEGCRIES FOR DIFFERENT S$S. IN
-ACCITICN TO THE STUCY SHEET FARACIGM, TWO EXFPERIMENTS
EMFLOYING THAT FPARACIGM, AND SEVERAL NEWLY DEVELOFED MEASURES
FOR FREVIQUSLY UNMEASURED ASFECTS OF THE SUBJECTIVE .
ORGANIZATION OF MATERIAL ARE DESCRIBEC. A THIRD EXFERIMENT TS ¢
CONCERNEL WITH A FARTICULAR IMPLICATION OF SUBJECTIVE
ORGANIZATION BEHAVICR. IT WAS FCOUND THAT IN A MIXED LIST CF
ITEMS, EXHAUSTIVE CATEGORIES ARE LEARNED FASTER THAN ARE
EXHAUSTIVE CATEGORIES WITH ONE ITEM MISSING. (AUTHOR/IM)
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Introduction

Attention to the behavior of individual subjects (Ss) certainly
is not a new idea, but despite arguments for it, group experiments have
predominated in the verbal learning area. Further, about the only
experiments that have been concerned with structure and patterniag in
learning have been those concerned with clustering in free recall. But
these experiments have also been primarily concerned with group performance.
Typically, they have manipulated aspects of the stimuli in terms of prior
norms generated by prior groups of Ss and then scored the behavior of
the experimental Ss in terms of whether it did or did not conform to
what the experimenter (E) had "built-in" via the norms. A concept
attainment view as differentiated from a concept formation one (Bruner,
et. al., 1957, pp. 21-22 and 44). Clustering on the part of Ss which
did not conform to that which E had built in was usually ignored or at
best mentioned in passing. Until very recently the only studies directly
concerned with subiective organizations in learning have been those of
Tulving (1962), and of Carterette and Coleman (1963). These studies,
however, have been limited to examination of the degree to which Ss
report words in the same order from trial to trial (by means of a measure
called SO), and have been completely insensitive to clustering unless
it was accompanied by relatively rigid sequencing.

Another approach to the analysis of subjective organization is
exemplified in a study recently reported by Marshall (1967). This
study classified clustering into two kinds: a) experimenter-defined,
and b) idiosyncratic, but did so by means of a post-experiment recognition
association test. Mandler (1967) reports a series of studies in which §
subjectively organized the material prior tc being tested for learning.
The subiective clustering of individual Ss during learning has not been
studied, except in terms of the SO (or a closely related) measuxe.

The present report describes an experimental paradigm designed to
measure subjective clustering of individual Ss during learning, two
experiments employing that paradigm, and a third experiment concerned
with a particular implication of subjective organization behavior.

The Experimental Paradigm

The basic procedural elements of the paradigm are the following:
1. A presentation period during which items to be memorized are pre-
sented one at a time (five sec. per word in the present studies), in a
random (or pseudo-random) order. During this period the Ss are required
to write each item down as they see (or hear) it on a specially prepared
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study sheet. This study sheet contains nothing but an array of blank
cells (e.g., on an 8 1/2 " x 14" sheet of paper with a matiix of 12
columns and 28 rows). Each word may be written in any cell in the
array but only one word per cell. 2. (After completion of the pre-
sentation.) A study period (one to one and a half minutes in the
present experiments) during which the S is allowed to study his
personally created study sheet. 3. A test period (a single block

of time equivalent to four to four and a half sec. per word in the
present experiments) during which the S 1s instructed to write the

words in a list in the order in which they occur to him. 4. Repeats

of the preceding three steps (in the present experiments either four or
five repeats). Each repeat involves a new random order of presentation
and new study and test sheets, old sheets having been removed at the end
of the appropriate periods. Current experiments also incorporate a one
and one half minute "pre-look" at a randomly arranged simultaneous pre-
sentation of all of the words to be memorized (words randomly arranged
on a study sheet). This "pre-look" precedes the first presentation
only. Instructions to the Ss suggest no particular mode of organization
on their study sheets, but do say "arrange the words on the study sheet
to best help you memorize."

The first experiment also included a post-experiment period during
which each S indicated (by bracketing and labeling) how he attempted to
organize the items and why. This last step was solely for checking on
the "validity" of the objective scoring procedures applied to the sub-
Jective organizations on the study sheets. With rectangular arrays of
cells on the study sheets, Ss employ horizontal or vertical (rarely
mixed) lists on their study sheets. Within these overall orientations
(which may be established objectively, cf. Experiment Two) simple
adjacency on the study sheet is an adequate (and "valid") criterion for
defining "belonging to the same organizational unit." In other words,
if an S organizes vertically, e.g., then each column of adjacent words
in the matrix contains a cluster so far as the S is concerned. Thus,

subjective clusters may be objectively defined on the basis of perform-
ance during the leamning experiment.

The Three Experiments

Experiment One

This was the first test of the paradigm. It was anticipated
that the paradigm might provide for a "look inside the S" in what was
otherwise a typical free-recall experiment. Hence, a control group
(Control 2) was included that learned under “typical free-recall"
conditions. Another control group (Control 1) was also included to
check on the possible effects of the overt 'organizing" activity
expected of Ss using the study sheets.

Method for Experiment One. Three groups of Ss each learned forty
words. Thirty~-four of the words were taken from Underwood and Richard-
son's norms (1956) and consisted of four categories of high dominance
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and four categories of low dominance words, and four words in a
miscellaneous category such that there were minimal relations amongst
those words and between those words and the eight other dominance
categories. The remaining six words on the list were in two categories,
namely, table utensils and class days. Table 1 presents the forty
words, their dominance classification, and category names.

The experimental (n = 24) group learned via the paradigm as
described. Timing was such that there were five sec. per word during
presentation (via slides), there were sixty sec. of study during which
the S studied his personally created study sheet, and there were 180 sec.
(4 1/2 sec. per word) for writing on the tests. There were four
repetitions of the sequerce, or four trials. The Ss of the first control
group, Control 1 (n = 24), had exactly the same conditions except for
their study sheets. Their study sheets were just a single column of
40 spaces and they were instructed to write the words on their study
sheets in order as they saw them. Thus the only difference was that
they did not have an opportunity to organize on their study sheets.

The S of a second control group, Control 2 (n = 21), had essentially

the same conditions except that they did not have a study sheet at all,
nor did they have the sixty sec. of study time. They were given five
trials, and for comparing this group with the others their performance
(words correct and a clustering score) was linearly interpolated so that
comparisons were made at four points at which the three groups had

equal times in the learning situation.

Results for Experiment One The overall results in terms of number of
words correct are depicted in Figure 1. An analysis of variance indicates

Insert Figure 1 about here

a significant difference amongst groups (F = 8.171, df = 2,66, p < 0.001),
a significant trials effect (F = 473.02, df = 3,198, p < 0.001), and a
non-significant trials-by-groups interaction (F = 1.376, df = 6,198,

0.20 < p < 0.25). Collapsing across trials and applying the Newman-Keuls
method of a posteriori comparisons (Winer, 1962) to the resultant analysis
of variance indicates a significant difference (p < 0.0l1): between

the experimental group and each of the two control groups, but no signi-
ficant difference (p > 0.05) between the two control groups. The means
for total number of words correct are: Exper. grp. = 131.04, Control

1 = 119.25, and Control 2 = 119.89.

The 24 Ss in the experimental group divided themselves as follows:
six of them wrote the words on their study sheets in the order in which
they were presented, i.e., they did not organize (sub-group NO) on their
study sheets. Five of the Ss alphabetized (sub-group AO), and the
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remaining thirteen Ss organized on the basis of subjective meaning
(sub-group MO). For MO Ss the categories were identified, in the post-
experimental session, by such names as "food items, utencils, animals,
sorority, structures, miscellaneous, made-a-story," etc. Collapsing
across the four trials, an analysis of variance indicates significant
differences amongst the total number of words correct for the three sub-
groups (F = 6.76, df = 2,21, p < 0.01), and the Newman-Keuls procedure
indicates significant (p < 0.01) differences between NO and AO, and
between NO and MO, but no significant (p > 0.05) difference between MO
and AO. The means for total number of words correct are: AO = 137.6
MO = 133.8, and NO = 119.5. The six Ss who showed no organization on
their study sheets (sub-group NO) averaged fewer correct on each of the
four trials, attaining an average of about 36.5 correct on trial four.
Their learning curve shows very little negative acceleration across the
four trials. By contrast the learning curves for the AO and MO sub-groups
show sharp negative acceleration, and an obvicus ceiling effect as they
average about 39 (out of a possible 40) correct by trial four. The
results are depicted in Figure 2.

The relations between proportion of items correct and the character-
istics of the E-defined categories were examined separately for the NO
and MO sub-groups of the Experimental group. The data for the alphabetizers
(AO) was not examined in this analysis since their mode of subjective
organization specifically disrupts the E-defined categories. Figure 3
depicts the results for the four different kinds of E-defined categories
"built-in" to the list of forty words. The ordinate is the proportion of
items correct (collapsed across all four trials) for each kind of category,

for each of the two sub-groups. The difference between high and lcw
dominance categories for the 13 Ss of the MO sub-group is significant

(t = 3.09, df = 12, p < 0.01), as is the same comparison for the 6 £s

of the NO sub-group (t = 2.95, df = 5, 0.02 < p < 0,05). There are no
differences (to the second decimal place) in proportion correct between
werds in low dominance categories and words unrelated according to the
dominance norms. The words in the two "cue categories" (i.e., table
utensils and class days) were correct for almost all of the Ss of both
sub-groups from trial one on. Of the six Ss in the NO sub-group one S
missed one of the six words on trial two. Of the thirteen Ss in the MO sub-
group two missed the three table utensil words on trial two, while a

third S missed them on trial three. Thus, the words of the "cue categories"
showed essentially perfect learning from trial ome through trial four. The
words of the other categories showed "typical" learning curves across the
four trials.
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The degree to which words cluster on the tests may be examined
by counting the number of times words in the same category are adjacent
to each other in the test lists. This count of number of adjacencies is
referred to as repetitions observed (RO). If the words on a test are
rearranged so that all words in the same categories are adjacent to each
other, and then a count made of the number adjacencies, the measure
referred to as repetitions possible (RP) 1is obtained. RP is directly
related to number of correct words on the test. It may be calculated

k

1§1 (mi - 1), where m,

ith category that appeared on the test and k 1s the number of different
categories represented by at least one word on the test. Fig, 4 depicts

by the formula RP = is the number of words in the

one way of examining the relationships between RO, RP, and the other
variables of the experiment. The RO variable is on the ordinate, the
RP variable on the abscissa, and the 45 degree line represents the locus
of points defined ts: _narfect, or total, clustering (RO = RP).

Fig. 4a depicts trial-two data for the 13 Ss of the MO sub-group.
The circles indicate clustering scores based on the E-defined categories
built into the list. The Xs indicate clustering scores based on the Ss
own categories as defined on his study for that trial. Fig. 4b depicts
the same things for trial four. When categories are defined by the Ss
the cluster of points moves closer to the RO = RP line as learning pro-
gresses. When the categories are defined by E the cluster of points
moves further away from the RO = RP line as learning progresses. Fig. 4c
depicts this shifting in terms of group averages for the four trials.
Once again the circles indicate clustering scores based on the E-defined
categories and the Xs indicate clustering scores based on the study-sheet-
defined categories. The steady progression over trials towards perfect
clustering for the study-sheet-defined categories, and the steady pro-
gression over trials away from perfect clustering for the E-defined
categories make statistical analysis appear superfluous. The distance
of each point from the RO = RP line (along a perpendicular to the RO = RP
line) may be shown to be equal to (1/v2): (RP - RO). An analysis of
variance of the (RP - RO) measures supports the obvious in Fig. 4c. The
trials-by-definitions interaction is significant (F = 28.8, df = 3,32%,
p < 0.001). For the E-defined categories the mean (RP - RO)'s for the
four trials are 9.0, 15.1, 17.2, and 17.9, and the trials effect 1is
significant (F = 46.5, df = 3,36, p < 0.001). For the study-sheet defined

*With 13 Ss and four trials, the df should be 3,36. RP - RO values were
not available for four Ss on trial one (they wrote the words in the
arbitrary order im which they were presented). Average trial-one values
were used for these missing scores in the analysis, and four df subtracted
in computing the error mean-squares.

-9-
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categories the corresponding means are 6.2, 4.3, 4.5, and 2.2, and
the trials effect is also significant (F = 4.62, df = 3,32%, 0.005 <
p < 0.01).

Degree of clustering as a function of the character of the E-
defined category of which the items were members is depicted in Fig. 5,
in a manner analogous to that in Fig. 3 for proportion of items correct.

These are the data for sub-groups MO and NO. The value on the ordinate
of Fig. 5 is defined as follows: for each S, for each E-defined category
of words, the (RP - RO) measure is summed across the four trials and the
sum is then divided by the sum of the corresponding RP measures. These
proportions are the basic data for this analysis. They represent the
distance from perfect clustering, collapsed across trials, relative to
the maximum distance possible given the Ss particular performance on his
four tests. In formula the ratio may be represented as:

b triale 4 i
L(RP - RO) RO
-] - —

b trialg _ \“w./
RP L RP

for each S, for each E~defined category of words. The values plotted

in Fig. 5 are simply averages of these ratios across appropriate Ss.

The ordinate scale 1s inverted so that "more clustering" is “higher" on
the ordinate. There are no significant differences in clustering amongst
the dominance-defined categories of words (not even one of the possible
within~=¢ t-tests had a p < 0.10), despite the fact that high and locw
dominance words did differ in terms of proportion correct (see Fig. 3

and associated analysis). These results are in essential agreement with
those of Bousfield and Puff (1964). The "cue" words, i.e., table

utensils and class days, show essentially perfect clustering.

The two control groups and the experimental sub-group NO may
be examined ror total number correct (collapsed across trials) and
for total (RP - RO) scores for the E-defined categories. There are
no obvious differences amongst the three groups on either measure,
but all three are different than the experimental sub-group MO on
both measures. For the number correct measure the means are:

119.25 for Control 1 (n = 24), 119.50 for sub-group NO (n = 6),

119.89 for Control 2 (n = 21), and 133.85 for sub-group MO (n = 13).
Differences in variances are not significant (0.05 < p < 0.10 via
Bartlett's test), and an analysis of variance yields an F = 6.46

(df = 3,60) for between groups (p < 0.01). The Newman-Keuls procedure
indicates the MO mean different from the other three (p < 0.01),

*See page 9 for footnote
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but no differences amongst those three (p s 0.05). For the (RP - RO)
measure the means are: 49.00 for sub-grcup 10 (n = 6), 50.43 for

Control 2 (n = 21), 51.75 for Control 1 (n = 24), and 59.23 for sub-

group MO (n = 13). Differences in variances are not significant (p > 0.05
by Fmax test), and an analysis of variance yields an F = 3,03 (df = 3,60)

for between groups (0.01 < p < 0.05). The Newman-Keuls procedure indicates
the MO mean significantly different from the NO mean (p < 0.05), differences
between the MO mean and the two control group means approach significance

(p just slightly greater than 0.05), and differences amongst the NO,

Control 1, and Control 2 means not significant (p much greater than 0.05).

Discussion for Experiment One

The opportunity to overtly organize (on study sheets) the material
to be learned facilitated the learning of the material. Simply writing
the words in their random orders of presentation did not facilitate learn-
ing relative to the standard free-recall (no study writing at all)
conditions. Fuxther, only those Ss who took advantage of the opportunity
to overtly organize the material (sub-groups MO and AO) were the ones to
show more rapid acquisition of the material. Those Ss who were given the
oopportunity to overtly organize the material, but who failed to utilize
this opportunity (sub-group NO), showed acquisition performance indis-
tinguishable from those Ss not given the opportunity to overtly organize
(Control 1 and Control 2). The same general relationships amongst these
groups and sub-groups are also true in terms of the clustering behavior
(for the E defined categories).

Though the number of Ss who utilized alphabetic organization (n = 5)
was smaller than the number who utilized organization according to sub-
jective meaning (n = 13), the present experiment indicates no significant
difference in learnfng performance for the two modes of organization.

The E-defined categories based on the level of dominance definitions
were, in general, not utilized by the Ss. Though the high dominance
words were somewhat easier to learn than the low dominance and non-related
(according to dominance) words, there was no difference in clustering for
these different levels of dominance. Further, clustering performance in
terms of these "built-in" categories actually indicates a decrease in the
utilization of these categories as learning progresses. The category
definitions based on dominance are not "persuasive.' Ss tend to ignore
them, and appear to find other criteria for categorizing or organizing

the words. Bousfield and Puff (1964) report contrasting results.

In contrast to the dominance-defined categories the two '"cue
categories" were highly salient and "persuasive." Almost all Ss showed
pexfect retention for these words from trial one on, and sub~group MO
also showed essentially perfect clustering from trial one on. Sub-group
NO and the two Control groups show a rapid increase in clustering for
these words, reaching essentially perfect clustering by trial two or
three (this last obsexrvation is just descriptive, i.e., it is not analyzed
statistically and is, therefore, not reported in the results section).

~13=




Thus, it is possible for E to define categories which most 3s will
adopt in their subjective organization of material to be learned.

The marked difference in subjectively defined clustering relative
to E-defined clustering leads to the obvious conclusion that Ss may be
ignoring the E-defined independent variable. The present paradigm provides
for a check oL the extent to which this may be true, and for the develop-
ment of E-defined variables of varying and known degrees of "persuasiveness."

It was originally thought that the study-sheet paradigm would pro-
vide a "sneak look inside the S," if you will, in the usual free-recall
experiment. This is obviously not so. The opportunity to organize on
their study sheets changes the S's behavior. For example, (1) no control
S alphabetized, but five experimental Ss did, and (2) experimental Ss
got more words correct. It is proposed, however, that the experimental
paradigm presented is no less interesting than the standard free-recall
situation, or any other standard learning paradigm for that matter.

Experiment Two

Since the concept dominance variable was impotent with respect to ;
clustering or "organizing" behavior another E-defined variable was sought. !
Further, generalization of the findings of experiment one required at
least one other set of stimulus materials. The conclusion that the study-
sheet paradigm was not providing a "look inside of" the standard free
recall paradigm led to considerations for maximizing the usefulness of
the overt organizing behavior of the Ss. Performance on study sheet
one of the first experiment was essentially useless siace Ss didn't know
the total composition of the list to be memorized unti. after they had
completed that first study sheet. To eliminate this problem all Ss were
given a "pre-look" at the total list of words to be memorized. This was
done prior to the first trial only, and the words were randomly arranged
so as to continue not suggesting any particular organization. Instructions
remained "arrange the words on the study sheet to best help you memozize."
The list was made longer in order to avoid the ceiling effect exhibited
by most of the experimental Ss of experiment one by trials three and four.
Control groups were eliminated and all Ss run under study-sheet conditions
in order to maximize the quantity of study-sheet data on which Ss "organized
according to meaning.'" This larger number of completed study sheets was
used to develop a more complete objective procedure for establishing the
subjective categories of each S.

Method for Experiment Two. Fifty-eight Ss yielded the data of experiment
two, all of them learning via the study-sheet paradigm. One subgroup of
21 Ss had four trials. Two subgroups of 15 and 22 Ss each had five trials.

The materiale of experiment two consisted of 72 words chosen from
those utilized by Marshall {1967) in the study previously referred to.
The 72 words were really 36 pairs of words; the 36 pairs being divided
into subsets of six pairs each. Each subset of six pairs differed from
the next in terms of the range of the Mutual Relatedness (}R) index
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between the words of the pairs. Thus the pair "man-woman" was in the
subset of six pairs having a high degree of MR, while the pair "minute-
day" for example was at the opposite end of the continuum. The MR index
is based on normative association data and reflects the degree to which
each word of the pair elicits the other, and words in common, relative
to all words elicited by both members of the pair.

Further, each subset of six pairs was divided into two sub-subsets
of three pairs each, one of the sub-subsets involving pairs which might
be called categorized, that is, each member o¢f the pair could easily be
incorporated within one category name, e.g., man and woman are both human
beings. These are contrasted with the non-categorized pairs, e.g., spider-
web or food-eat. The 36 pairs of words are listed in Table 2, arranged
according to MR level, and separated into categorized and non-categorized
groups. In the Marshall study previously referred to a different group of

- e e o» E Us av WO e = e s o

Ss was utilized for each MR level, with twice as many pairs of words at
each level than was used in the present experiment. In the present experi-
ment, however, all Ss were presented with pairs of words at all MR levels,
thus yielding within S comparisons across MR levels, whereas the Marshall
study yielded between S comparisons across MR levels. Further, the
Marshall study utilized the relatively standard free recall learning
paradigm while the present study employed both a "'pre-look" and the study-
sheet paradigm.

There was 1 1/2 min. for the pre-look. The presentation was at
the rate of 5 sec. per word (six min. to present all 72 words 2nce). There
was 1 1/2 min. for study of the study sheet, and the test was timed for
five min. Repeats of all but the pre-look made up the subsequent trials.
Several different random arrangements of the words on a blank study sheet
were used for the pre-look. All Ss saw the same series of random sequences
of words during the presentation periods of the successive trials.

All pre-look, study, and test sheets were on 8 1/2" x 14" ("legal"
size) sheets. The study sheets had 12 columns each about 1 1/16" wide,
and 28 rows each about 1/4" high, thus outlining 12 x 28 cells each about
1 1/16" x 1/4". For the pre-look sheet the 72 words were randomly
assigned to 72 out of the 336 cells. The test sheets contained two long
colums of numbered spaces, 1 - 36 and 37 - 72,

The procedure for objectively establishing the subjective categories
from the individually prepared study sheets involvad the following: the
first step was to search all study sheets to determine whether or not the
words were written down in the order in which they were presented. If 90Z
or more of the words were written in the order in which they were presented,
either by column or by row, then the study sheet was c¢lassified as an
"order of presentation" study sheet, and for that S on that trial there
was no information for determining subjective categories. Twenty-three

-15-




qom
aspyrds

pooJy
le?d

awexy
2an3o571d

BO9PT
Iy3noys

ueuiom
ueu

a1
wx?

0°0y <
49T

IJPFO
atdde

daats
weaxp

uioy
MoTq

eTuapaed
AsTtep

ouetd
UFTOTA

asanu
I0300p

(6°6€ - 0°0€)

I333ep
NeOTO

1ed
IATAP

o9s8sesr
WOosS0Tq

aauy
3003

PTTYO
Aqeq

£0X2
?13e2

(6°67 - 0°02)

ToA27 Ssau)d3IeTIy TENINI]

ATa
sse13

3rvO0q
usT3

uyejunom
43Ty

I93eoms
SS91Pp

uoay
ufrl

s19FTd
Jaumey

(6°6T = 0°0T)

3eq
xaded

9833Ud
?3e3300

ATTS
Adunq

BIpUI
OO TX9I]

A13
?9q

9ToTe)Nn
33dunagy

(6°6 = 0°S)

aA0T3
uxes

3199M3
ute1l

TTeA
23eumy

9Tpaau
S10SSTOS

peay
303

Lep
ajnurm

(6°y_ = 0°0)

MO

OHROOMHNEA
= 0oz

OEHROVOMHNKA

*£103938D SNOTAQO ue JOo I2quaw B ses IFed ayj 3jou I0 I3ylays pue TaAdT (YH)
SE9UPaILTIY Tenin)j 03 3uTpIodde PIFFTSSETO ‘omMy Juauwfiadxy uf pasn spiom 3o sayed 9f Iyg

°II FTAVL

~16-




subject~trials out of a total of 269 fell into this category. For the
remaining 246 subject-trials the determination of which words the S
intended to group together was made exclusively in terms of the geometry

of filled and empty cells on the study sheets, that is, the particular
contents of the cells was completely ignored., Cells adjacent tc each

other were scored as "belonging together." The words in them, therefore,
were scored as members of a single subjective category. The problem was
one of determining whether it was to be horizontal or vertical adjacency
that would be used in the scoring. Five pairs of measures were used for
the determination. The first involved a count of the number of adjacent
filled cells in going down each column, and then an equivalent count in
going across each row. The second involved a count of the number of trans-
itions from a filled cell to an empty cell as the study sheet was examined,
first column by column, and then row by row. The third measure involved a
count of the number of words in the upper-most row of the study sheet which
was utilized by the S, thus defining a margin count for column organization.
A similar count was made of the number of words in the left-most column
utilized, thus finding a margin count for row organization. The fourth
measure involved examining for isolated groups of filled cells, that is,
filled cells surrounded by spaces and/or margins. A separate count was

then made of the filled cells in these isolated clusters, first by column
and then by row. The fifth and last pair of measures involved the variance
of the counts going into the first pair of measures. The next step involved
inserting these five pairs of numbers into a somewhat complex logic program,
and the outcome was the classification of the S into either a row organizer
or a column organizer for that study sheet. After eliminating two Ss out
of the original sixty for failing to follow instructions it was possible

to build the logic ad hoc so as to successfully classify all 269 subject-
trials involved. The cross validation on an additional sample remains

to be done, but success in 269 out of 269 cases is quite promising. Success,
of course, is here defined in terms of agreement with Es’ judgments based
on examining the study sheet and the contents of the cells. Incidentally,
most Ss were column organizers and very, very few had any mixed modes of
organization.

Regsults for Experiment Two

Despite large procedural differences between the Marshall (1967)
study and the present one, the results are remarkably similar in terms of
the E-defined variables. Fig. 6 depicts the average number of words correct

for the categorized versus the non-categorized words in the list. In both
studies categorized words were recalled better than non-categorized words.
But the most interesting finding common to both studies is depicted in

Fig. 7. 1In this figure there is plotted, for each of the five trials, an
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index of clustering, on the ordinate, as a function of MR level, on the
abscissa; with the parameter within each graph being the distinction
between categorized and non-categorized pairs. The index of clustering
is the average number of repetitions obserted (RO), minus that number of
repetitions (RC) which would be expected on the basis of chance alone
given the particular set of words the S produced on his test. This
adjustment for chance is based on Bousfield's formula as reported by
Dallet (1964). The formula is:

L 2

1 (“1)

3 -1,
1™

RC =

where n, is the number of words in the ith category which appeared on the
test. “The derivation and extension to the present case is included in
Appendix B. The relationships depicted in Fig. 7 may be summarized as
follows: beyong trial one the figures consistently indicate little or

no distinction between categorized and non-categorized pairs at the
highest MR level, with a widening distinction between the two kinds

of pairs as MR level decreases to the low end. These results agree

very nicely with those reported by Cofer (1965) and Marshall (1967),
despite the fact that a different index of clustering was used in that
experiment, and despite all of the procedural differences involved in

the two experiments. However, am additional note to keep in mind with
respect to Fig. 7 is the movement of the lines from test to test relative
to the zero or chance line, and relative to the 2.0 or maximum possible
upper 1limit. In general, the low MR pairs, particularly the non-categorized
ones, cluster less than would be expected by chance, and this negative
cluster score actually increases in magnitude from test to test. It is
somewhat offset by corresponding increases relative to chance for the
words at the higher end of the MR scale, in particular the categorized
words. Howzver, note that nowhere is a point to be found above 1.0 on
the dependent measure scale, with a value of 2.0 being the score that
would be obtained if perfect clustering occurred. As a matter of fact,
if the data are examined in terms of a slightly different measure, namely
the one used in Experiment One, i.e., the number of repetitions possible
(RP) minus the number of repetitions observed (RO), one finds that as
learning progresses the difference actually grows. Thus, collapsing over
the MR levels, the overall E-defined clustering actually decreases with
learning. This is not true for subjectively defined clustering. The
results are very similar to those for Experiment One as depicted in Fig. é4c.

Fig. 8 depicts some of the characteristics of the subjective
clustering as measured on the study sheets. The large upper plot simply
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gives the average frequency of use of subjective categories of various
sizes, for trial one and for trial four. The three smaller insert plots
trace the average frequency of use across four trials, and do so for
isolated words and for categories of two through eight words. The number
of isolated words on the study sheets decreases as a function of trials.
All subjective categories of two through eight words show increased
average frequency of usage as a function of trials. The dip in frequency
of usage of categories of three words is believed to be due to the pairs
of words "built-in" to the stimulus list. The lower two plots of Fig. 8
have as their dependent measure the average number of words involved in
the categories of various sizes, as specified along the abscissa. The
dependent measure is simply the average frequency of usage (of the upper
plots) times the size of the category. (Once again the dip for categories
of size three is believed to be due to the built-in pairs of words. A
similar plot for the data of Experiment One, in which the minimum built-
in category had three words, shows a dip for categories of two words.)

The results for four trials are depicted in the two plots. The seans of
the distributions move toward larger categories as a function of trials.
By trial four approximately half of the 72 words, on the average, are to
be found in subjective categories containing from four through seven wordis.
Additional calculations indicate that from trial two on the average number
of subjective categories used by each $ is approximately fifteen for these
72 words.

Fig. 9 depicts the relation between the degree to which individual

Ss utilized their own subjective organization (on the abscissa) and the
number they get correct on a test (on the ordinate). The independent
variable 1s the same index used previously, namely, repetitions observed
minus repetitions expected by chance (RO - RC). However, the clusters
are here defined in terms of the Ss' own study sheets. Several things
are obvious from the scatter plots. First, ignoring for the moment those
points falling on the chance (or zero) value of the independent variable,
a relatively strong correlation is depicted between the two measures. In
trial two, for example, this correlation approaches 0.8. In trials three
and four, an obvious celling effect i1s present and the correlations conse-
quently decrease. The points at the zero or chance clustering line are
primarily for those Ss who showed no scoreable organization on their study
sheets, that 1s, they were order of presentation arrangements. It is
fairly obvious that as learning takes place (test 1 to 2 to 3, etc.) the
numbers of these points decrease quite markedly. In general, proceeding
from trial one to two to three to four the points move from left to right
indicating a growth in subjective clustering as learning takes place.
Thus, we have number correct associated with degree of clustering across
Ss, and number correct associated with degree of clustering within Ss
across trials. In summary: the more a S utilizes his own subjective
clustering in ordering the words on his test, the better he is likely to
do in terms of number coxrect.
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Another way of measuring subjective organization is in terms of
the consistency of word order from one test to the next for each S,
Tulving (1962) and Carterette and Coleman (1963) utilized what is referred
to as the SO measure for this prupose. The present analysis utilizes
the Kendall Tau coefficient, a measure very similar to the rank order
correlation coefficient.

Fig. 10 depicts frequency distributions or hystograms for the
Kendall Tau coefficients calculated between adjacent trials. The distri-
butions are indicated separately for those Ss who organized in terms of
the meanings of the words (the "a" hystograms). The "b" hystograms

include those Ss who wrote words on their study sheets in the order in
vhich they were presented for at least one trial, and the "c" hystograms
are for those Ss who utilized alphabetic organization for at least one
trial. Thus, there are three hystograms for each adjacent pairs of trials.
In general there is no marked movement toward higher Tau coefficients
with learning, except for the "b" hystograms in going from trial one-two
to trial two-three. Even for the last pair of trials (Fig. 10)

the Tau coefficients are generally moderately positive but not very
impressive. Some alphabetizers exhibit near perfect order co-relations,
that is, Taus near 1.0, but there are also alphabetizers with lower Taus.
Some alpha organizers simply cluster in terms of common first letters of
words making no attempt to order these clusters alphabetically on their
tests. These Ss account for the low Tau coefficients among the alpha-
betizers. In summary: a tendency for S to write words in the same order
from trial to trial shows no growth as learning takes places, with the
possible exception of a very small sub-group of alphabetizers who fully
utilized alphabetical organization. It is important to note, of course,
that the Kendall Tau coefficient is not the same index of consistency of
sequence that Tulving (1962) and Carterette and Coleman (1963) used.
Consequently, the results are not directly comparable.

Is there an optimum number of words for a category in order to
minimize errors? Fig. 11 examines the relation between proportion of
words in error and the size of subjective category in which those words
were found. There is a subfigure for each of the five trials. Category

size on the study sheet is plotted on the abscissa. On the ordinate
there is a ratio, the numerator of which is the proportion of words
missed (P,) on the test for the subjective category of size 1, and the
denominator is the size of the category 1. P, for the category of size
two (Pz), e.g., 18 found by tabulating, for each S on a given trial,

the number of words in two-word subjective categories which were missed
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on the corresponding test. This number wrong is then summed across Ss
ylelding a total number wrong for category size two (V,). Alzo tabulated
is the number of different categories of two words use% by each S. This
number-of-times~that-categories-of-gize~two-are-used is then suimmed
across Ss to yleld a count of the total number of times a category of
size two was used (UZ)' P2 equals the ratio of (Wé/UZ). Dividing P2 by

2 (in general, Pi by 1) is, in effect, multiplying U2 by 2 (or, in general,

U, times 1). The resultant ratio, the one on the ordinate of Fig. 11, is
one of number of words wrong divided by number of words involved. The
general picture in Fig. 11, it is proposed, is one of a horizontal line
with a fair amount of noise. Number wrong divided by number of words
involved is a constant (F) across the different category sizes, 1,

where the constant (P) is simply the overall average exror rate. The
implication is, simply, that there appears to be no "optimum" subjective
category gize. If there were, one should find a dip in the curves, con-
sistent across trials, in the region of the optimum value of 1. While
these findings are not to be directly compared with those of Dallet (1964),
for example, because of the distinction between subjective category size
and experimenter-defined category size, they are indirectly in support

of the conclusions reached by Cohen (1963 and 1966) concerning a constant
proportion of category recall across category sizes.

New Meagures of Subjective Clustering

Additional measures have been developed for characterizing several
additional aspects of Ss' subjective organization. The first of these
measures (CON) provides an index of the consistency of an S's subjective
organization from one trial to the next. The second measure (STR) pro-
vides an index of stereotypy of organization, or the degree to which words
are grouped in the same way--across Ss. The third measure (CCP) is similar
to the gereotype measure, but is designed specifically for examining
selected pairs of words of particular interest to E. It reflects the
proportion of Ss who put both words of the pair into the same subjective
category, with the proportion "adjusted," in effect, for the sizes of the
categories involved. The mnemonic stands for ''common categorizing of
pairs."

All three measures utilize the same basic concept which is, in
essence, a "common elements" definition of the square of the correlation
coefficient. Fig, 12 illustrates the basic form of the measure. Consider,

e.g., Roman numerals I and II as trials I and II. A S grouped or clustered
words By Cy & D on trial I, leaving words A and E as isolates. On trial

II his organization of the words shifted as indicated, i.e., A and B were
in-one group, and C, D, and E in another. Thus, each word appears in
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two groupings or clusters, one for trial I and the other for trial II.

We may now look at each of the words, one at a time, and ask about the
overlap of the groups in which they are to be found. The two groupings
containing word C, e.g., have two words or elements in common, i.e.,
words C and D. Thus, the number of common elements for the two groupings
is two. This number goes into the numerator and is squared. The
denominator simply contains the product of the number of elements in each

of the two groupings which contain C. The result is RC(I)(II) = 4/9.

This index is calculated for each of the words which appear on both lists.

::egigfnigfes are labelled RA(I)(II) through RE(I)(II) in the illustration

For the consistency measure (CON) the index is simply averaged
across all of the words of interest. This may be for particular pairs or

groups of words (e.g., EKE(I)(II) and REBE(I)(II) in the illustration of

Fig. 12), or for all of the words on the list. To date only the latter,
or overall, measure has been examined in detail.

The sterotypy index (STR) is also very simple conceptually, though
it takes a computer to accomplish the very large number of calculations.
Returning to Fig. 12 consider Roman numerals I and II as representing a
pair of Ss on a given trial, instead of two trials for a given S. This
is the basis of the index. The computer program then calculates one such
index for each of the words, for every possible pair of Ss (the program
will handle up to 20 Ss at a time), and then averages across all of the
pairs of Ss. These averages may then be examined for individual words,
or further averaged across pairs or sets of words.

The index of the common categorizing of pairs of words (CCP) is
based on a count of the number of words in the categories within which a
particular pair of words (e.g., A and B) may be found. For a given trial
(study sheet) this count is made for each S and summed across the set of
N Ss. The square of the sum goes into the numerator of the index. The
denominator contains the product of two sums, one for the number of words
in the categories within which word A is found and the other the
corresponding sum for word B.

Details and illustrative computations are contained in Appendix A.

In the initial evaluation of the three new measures it was necessary
to find twenty Ss with appropriate data. The study-sheet paradigm does
not guarantee useable data for every S. Only those Ss could be used who
exhibited some form of "meaning" organization, that was scoreable, on
every trial. It was necessary to delete from consideration two Ss for
not following instructions, two Ss who adopted an alphabetizing strategy,
two Ss who wrote the words on their study sheet in the order in which
they were presented for one or more trials, and three Ss for whom the
scoring rules failed on one or more trials (indicating more than 1/2 of
their words were isolated single words). Thus these initial analyses
are based on the first 20 (out of 29) "good" Ss. Similar analyses with
additional Ss are in progress.
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Results of Experiment Two with Respect to the New Measures of Subjective

Clustering

Fig. 13 is a series of four scatterplots for the 20 Ss, relating
the index of consistency (CON) and the number of words correct. The plot

Insert Figure 13 about here

in the upper left, i.e., trial one to two study sheet consistency on the
abscissa and number correct on the trial two test on the ordinate, depicts
the only significant r. r = 0.54 (.01 < p < .Q’ngjlt appears as if
number correct is correlated with consistency of organization only for
performance very early in learning. There is & suggestion in the plots
that a ceiling effect may be washing out the correlation in the later
trials. Fig. 14 is included to argue against that interpretation. The

dependent variable is the same, i.e., the number correct. The independent
variable is the index (RO - RC) which reflects the degree to which the
individual Ss study sheet organization is reflected in his grouping of
words on his test. The ceiling effect as trials progress does appear to
be reducing the r's, but the r's are strong at least through trial three
(r = 0,74, p < .01). The data depicted in Fig. 14, incidentally, very
nicely replicate prior data on different Ss. For both Fig.'s 13 and 14
one may see s movement of the points to the right (and upward, of course)
as trials progress. Consistency of study-sheet organization increases with
trials, as does the degree to which the test organization reflects the
study sheet organization. But, study sheet consistency appears to be
related to number correct, across Ss only very early in learning.

The relationships between stereotypy (STR) and the E-defined
variables of MR and categorization are depicted in the upper series of
plots of Fig. 15. Stereotypy for the categorized pairs of words was
consistently above that for non-categorized pairs. There is a general

dovnward trend in stereotypy in going from Hf MR to Lo MR, though there
is a slight upturn at the two lowest MR levels. Stereotypy seems to
first increase and then decrease across trials.

The relationships between the index of common clustering (CCP) for

the E-defined pairs and the E-defined variables of MR and categorization
are depicted in the lower sevies of plots of Fig. 15. The relationships
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are more orderly than for the STR measure, and nicely parallel the
relationships depicted in Fig. 7 for the (RO ~ RC) measure. The difference
between categorized and non~categorized pairs fs smallest for high MR
values, and CCP decreases with decreases in MR. These results also
parallel those of the Marshall (1967) study referred to earlier.
Examination of individual pairs of words, however, indicates that there
are still some "big chunks of variance" to be accounted for. Some of
these are indicated as dotted lines in the bottom portion of Fig. 15.
Considering the lowest MR plot, the dotted line that reaches 1.0 represents
the word pair "head-toe." The very low dotted line is for "scissors-
needle." Both of these word-pairs are members of the categorized-lowest
MR group. There is more difference between these two pairs than there is
across the entire MR range for categorized pairs (though, of course, these
extreme pairs were picked to exaggerate the point). It turns out that
almost every S adopted a ''parts-of-the-body" subjective category. Perhaps
this was triggered by the higher MR pairs "arm-leg" and "foot-knee" which
were also in the list. At any rate, most Ss put "head" and "toe" in the
same subjective category despite the low MR value relating them. In con-
trast, "scissors" frequently went into a subjective category with 'hammer"
and "pliers" and/or "dagger," while "needle" often went with 'silk,"
"dress," "glove," and "cloak." Very few Ss put "scissors" and ''needles"
in the same subjective category. These effects of the total context of
the list cannot be ignored if these "big chunks of variance" are to be
accounted for.

Discussion for Experiment Two

A completely objective procedure for defining the subjective
clusters of Ss during learning has been worked out. This procedure
depends completely on thie geometry of the filled and empty cells on a
study sheet. Judgments concerning "what Ss intended" are not necessary.
Though the objective procedure has been worked out it is time consuming
and expensive. It is suggested that much of this time and expense can
be saved with very minor modifications to the study sheet paradigm.
Instead of giving the Ss complete freedom as to how to organize on their
study sheets, the Ss are to be instructed to place those words which they
wish to go together into the same column. With an illustration, but with
care to avoid suggesting any particular organization, it should be possible
to get Ss to continue to "organize the words on your study sheet so as to
best help you to memorize." Assuming that Ss follow instructions it will
then no longer be necessary to go through the expensive and time con-
suming objective procedure for determining whether a particular S organized
by colums or by rows.

The two E-defined variables which were built into the stimuli, {i.e.,
the MR strength of word-pairs and the distinction between categorized and
non categorized word-pairs, were quite potent with respect to subjective
clustering. This was true in terms of the (RO - RC) measure, the STR
measure, and the CCP measure. Word pairs with high MR strength are
salient and persuasive. Most Ss utilize thase pairs in their subjective
organizations. Over all MR levels however, the E-defined categories show
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a relative decrease in frequency of usage as learning progresses when
compared with the frequency of usage of the subjectively defined
categories. Even for the highest MR levels clustering behavior in
terms of the E-defined categories never comes close to complete or per-
fect clustering.

In terms of the E-defined variables built into the stimuli there
is strong agreement across the different measures of this study, namely;
(RO - RC), CCP, and to a considerable extent STR. These general results
also agree to a very marked extent with the comparable results of the
Marghall (1967) study despite wide differences in procedure, measurement,
design, and S population.

Ss use an average of approximately 15 clusters for these 72 words.
Clusters get larger with trials. Most of the 72 words are contained in
the clusters of from three to eight words each. There is no optimum size
of a subjective cluster in terms of number of errors made. It is also
proposed that there is no optimum number of categories either. This is
in contrast to the report by Mandler (1967). A preliminary examination
of the data of the present study, via scatter plot, indicates no relation
between the number of categories used and the number of items correct.

A careful evaluation of these data is yet to be made. “Goodness" of a
subjective chunk does not depend on the number of items in it. And, the
total 1ist may be thought of as one big chunk with the categories within
it as its elements. In the conditions of the study-sheet paradigm Ss
manipulate the word elements until they achieve subjective chunks which
are approximately equally "good" subjectively. "Good" of course means
easily learned and (yet to be evaluated) remembered.

Ss whose tests reflect their study sheet organizations are the ones
who learn fastest. The degree of correspondence between study and test
organization increases with trials for almost all Ss.

Consistency of word order from one test to the next, as measured
by Kendall's Tau, is only moderately positive and shows no consistent
growth over trials. Consistency of organization from one study sheet to
the next does show growth over trials, but for any ome trial it is related
(across Ss) to number correct only very early in learning.

The three new measures developed permit measurement of aspects of
subjective organization which have not been measured before. The stereo-
typy and common categorization measures have been shown to have a kind of
concurrent validity in terms of the E-defined built in variables.
Validity for the consistency measure is not as clearly established as yet.

The cormon categorization measure has pointed out the need to take
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the total 1ist context effects into account in accounting for subjective
organization behavior and, by inference, learning. These effects are a
big source of variance.

Experiment Three

The stimuli for this experiment were designed to be very salient
and persuasive with respect to organization. Exhaustive categories of
words were used, e.g., north, sough, east, and west, or mother, father,
sister, and brother. Most of the words were taken from Cohen's (1963)
report. The complete set of stimuli is shown in Table 3. Original plams
were to continue to utilize the study-sheet paradigm in order to check

on the persuasiveness of the E-defined categories. However, a pilot

study indicated that the categories were indeed very persuasive, and

that most Ss learned most of the 70 words in just over one trial. For
these reasons the study-sheet paradigm was abandoned for this experiment.
It was assumed that almost all Ss would utilize almost all of the E-defined
categories.

Data reported by Cohen (1963 and 1966) indicate that if an exhaustive
category is remembered at all (i.e., at least one member of it) then most
of that category will tend to appear on a free recall test. From this,
one may reason that the total of individual items of an exhaustive category
"eome out" because of the pre-experimental history of S, and only one
item, or the name of the category, need be learned during the experiment.
1f one item is eliminated from each of the exhaustive categories, however,
then S must also learn during the experiment which item of each category has
been left out. Hence, if other things could be kept equal, one would
predict "the shorter" list, i.e., the list with one item missing from
each category, should be the more difficult list to learn. But it is not
possible to keep "other things equal:" a) if one eliminates one item
from each category then the stimulus list has been shortened by as many
words as there are categories in the list. Shorter lists are eagier to
learn (in terms of proportion correct) than longer ones, but the
categorization effect predicts that the longer 1list will be easier. The
eventual direction of the difference will then be a function of which of
the two factors is more potent. b) If an attempt is made to keep the
lists the same length then categories must be added to the incomplete-
category-list, and then the category effect would be confounded with
number of categories. lnder these conditions both effects would be
expected to operate in the same direction. Hence, alternative (a) was
chosen. It was hypothesized that the category effect would be more potent
than the difference between a 70-item 1list and a 50-item 1list thus pre-
dicting the 50-item "Yncomplete-category" list more difficult to learn.
This is a dramatic, counter-intuitive prediction: a given list will be

easier to learn than the same list with 297 of the words_ removed.
Since there realiy was very little evidence to support the prediction
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concerning the relative potency of these two effects, a third condition was
also included in the experimental design. For this condition a mixed list
was presented to the Ss, providing a within-S comparison. Ten out of the
20 categories in the list were left complete and the other ten had one

item removed from each of the categories.

Method for Experiment Three

A 70-word list was constructed which contained 20 exhaustive
categories, ten categories with three words each and ten categories with
four words each. (See Table 3). A group of 20 Ss learned this list. A
second list was generated by removing one word from each of the 20 categories
of the original 1ist, thus leaving a 50-word list. A group of 22 Ss learned
this 1list. The third 1list had one word removed from each of ten of the
twenty categories, thus making for a 60-word 1ist. A third group of Ss
(n = 30) learned this 1ist. For all three groups words were presented in
random orders two to three seconds per word in a standard free recall
paradigm for six trials. Five minutes was allowed for each free-recall
test. The particular words eliminated for the 50- and 60-word lists are
indicated in Table 3.

Results for Experiment Three

The percent of words correct for the complete and partial categories
was the dependent measure. Results are depicted in Fig. 16. The definition

of "complete'" and "partial” is obvious for the 60-word list. For the 70-
word list all categories were complete, but the (partial) refers to those
categories which were partial for the 60-word Ss. The "complete" were,
of course, the same for both the 70- and 60-word lists. The (complete)
and partial categories of the 50-word lists are defined in a similar way,
i.e., with reference to what happened to those categories on the 60-wcrd
list.

The between-Ss evaluation of the major hypothesis of the experiment
involves a comparison of the overall percent correct on the 50-word list
with the equivalent measure on the 70-word list. Contrary to prediction
performance on the 50-word list was higher than on the 70-word list, i.e.,
the two dashed curves, combined, in the right hand plot of Fig. 16 are
higher than the two dashed curves, combined, in the left hand plot. If
both categorization effect and length of list effect were operating,
apparently the length of 1ist effect was more potent.

The solid lines of Fig. 16, which are repeated in both left and right
hand plots, depict the performance of the 60-word group. The percent
correct for the complete categories (x's with solid lines) is significantly
greater (p < 0.01) than for the partial categories (circles with solid lines).
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Thus the within Ss comparison does reveal a significant categorization
effect, i.e., couplete versus partial comparison. When these subsets of
categories are compared for the 70-word and the 50-word Ss there is no
significant difference (p > 0.05) between them. Thus the difference found
for the 60-word group cannot be ascribed to the particular subsets of
categories that were used as partial and complete. The interaction between
trials and the difference between partial and complete is also significant
(p < 0.01) for the 60-word group. An examination of the means, however,
indicates no orderly progression for the differences between complete

and partial across trials. The equivalent interactions for the 50-word
and 70-word groups were not significant (p > 0.05)

The overall percent correct for the 50-word list (all categories
incomplete) was slightly higher than that for the 60-word (mixed) list.
However the overall percent correct comparison for the 60-word list with
the 70-word 1list (all categories complete) indicates essentially identical
performance for the two lists (groups). Comparisons between a mixed list
condition (one half of the categories complete and one half incomplete)
and the pure list conditions (all categories complete or all categories
incomplete) confounds the mixed list versus pure list effect with the
complete versus partial category effect, and both of these are confounded
with number of words in the list. The interactions amongst these effects
may be quite complex. However, the comparison of the 60-word and 70-word
lists (left plot in Fig. 16) provides some interesting suggestions.
Overall performance in terms of percent correct was essentially equivalent
for the two 1lists. Yet, an examination of tne complete versus partial
category subgrcups of the lis* shows: first, that there is no difference
between these subgroups for the 70-word list (all categories complete);
second, the identical categories (those which were complete) in the 60~
word (mixed) list were easier to learn in the mixed list than in the 70-
word 1list; while third, the incomplete categories of the 60-word (mixed)
1ist were more difficult to learn than their complete versions appearing
in the 70-word list. It is as if the Ss of the 60-word (mixed) list
conditions concentrated first on the complete categories and only after
obtaining some mastery of these did they switch their attention to the
incomplete categories of the list. In the 70-word list there was no
such differentiation amongst categories and both subsets of categories
were learned with equal speed. The effects of mixed versus pure lists

cannot be ignored in the evaluation of the basic hypothesis of this
experiment.

Discussion for Experiment Three

The complete versus partial category effect has been shown for a
mixed 1list, but the magnitude of the length of list effect (70 versus
50 words) has apparently swamped whatever category effect might have
been operating in the between Ss comparison. A test of the major hypo-
thesis with a between Ss comparison calls for lists which differ much
less in total lengths. Going from a list of 70 words to one of 50 word:
is reducing the 1list length by 29 percent. Perhaps a reduction of only
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five to 10 percent in list length would enable the category effect to be
more potent and lead to positive results. In support of this (1f one is
willing to ignore the possible confounding effects of mixed versus pure
1ists) it may be noted that in going from 70 to 60 words, Jist length

was reduced 147, and there was no difference in overall percent correct

for the ¢wo conditions. Several variations on the present experimental
design may be suggested. One variation simply involves utilizing exhaustive
categories with larger numbers of items, e.g., days of the week, months }
of the year, major cities in the state, etc. Removing just one member
from each of these categories would reduce list length by a relatively
small percentage. Another approach might involve an incouplete category
list with one item per category deleted, thug deleting e.g., t : items
from the list. The complete category list for comparison would have all
but one item eliminated from enough of the categories so that the same
total number of items, e.g., ten, were deleted. Thus, the comparison list
would be of equal length in terms of total number of items, and would

have the same number of cateyories represented. The difference would be
that the first list would have, e.g., ten incomplete categories in it
while the comparison list might only have one or two incomplete categories
in it (these categories containing only cne item each).

Conclusions and Implications

An experimental paradigm has been developed which enables one to
study the svijective organizations which Ss impose on material that they
are assigned to learn. Measures have been developed, based on the data
provided by this paradigm, which permit evaluating the degree to which Ss
utilize their own subjective organization during learning, the degree to
which subjective organization is consistent from one trial to the next,
and the degree to which subjective organizations are stereotyped across
Ss. Three experiments, exploring various aspects of the organization of
material during learning, permit the following general conclusions.
Giving Ss the opportunity to overtly organize the material to be learned
facilitates learning. Given the opportunity, those Ss who utilize it
learn more than those who do not. The performance of those Ss who are
given the opportunity to overtly organize, but who do not utilize that
opportunity, is essentially indistinguishable from other Ss who were
not given the opportunity to overtly organize the material.

E-defined categories of words, based on free-association normative
data, vary considerably in the degree to which Ss perceive and utilize
tiem in thelr subjective organization of the material. The concept
dominance variable (Underwood and Richardson, 1956) is very weak in terms
of persuading Ss to utilize the categories so defined in their subjective
orpanization. The mutual relatedness variable (Cofer, 1965, and Marshall,
1967) is much more salient and persuasive. It covers the range from
highly persuasive to not persuasive at all, but even at the highly persus-
give end it is clear that these E-defined categories are still leaving
large portions of variance unaccounted for in the subjective organization
behavior of Ss. The context of the total list of items to be learned must




be taken into account before portions of this unaccounted-for variance
will be understood.

When Ss subjectively organize material there appears to be no
optimum size of subjective cluster for minimizing error. It is proposed
that when Ss develop unrestricted subjective categories they are in
essence manipulating the elements of the list until they achieve sub-
jective chunks which are, for them, equally "good." '"Good" in this con-
text means easily learned. It is proposed that "good" may also be inter-
preted to mean 'remembered" but retention data are not yet available.

Though Ss may strive to reduce all subjective categories to equal
"goodness," there are characteristics of stimulus materials which make
this relatively impossible. This difference in materials is ascribed
to the very lengthy and extensive pre-experimental histery which the S
brings with him to the experiment. The exhaustive categories of experi-
ment three are highly familiar to almost all Ss and almost all utilize
them fully in their subjective organization of the material to be learned.
However, an exhaustive category with one item missing is not as "good"
as the corresponding complete exhaustive category. For the complete
category S may utilize, without modification, his pre-experimental
history. For the incomplete categories, however, S must add something
to his pre-experimental learning in order to utilize it in the experi-
ment.

Alexander and Huggins (1964) report on the use of an approach
gsimilar to the study-sheet paradigm for a perception experiment. Their
results are also quite encouraging.




Summary

When presented with the task of learning meaningful verbal
material (and other forms of material, as well) most Ss cluster or
organize the items to be learned into subjectively meaningful groupings.
An experimental paradigm (the '"study sheet paradigm") has been developed
which permits the objective measurement of this subjective clustering
during learning. The unique subjective groupings for each individual
S may be identified on each learning trial. The paradigm incorporates
the use of specially prepared study sheets which each S prepares for
himself on each learning trial. The information on these study sheets
provides for the determination of the subjective clusters. Test per-
formance may then be examined with respect to these subjectively defined
clusters.

In addition to describing the study sheet paradigm the present
report describes two experiments employing that paradigm, several newly
developed measures for previously unmeasured aspects of the subjective
organization of material, and a third experiment concerned with a particular
implication of subjective organization behavior,

The material to be learmed in the first experiment had groupings
of words "built into it," with most of the groupings defined via the
concept dominance data provided by Underwood and Richardson (1956). An
experimental group of Ss learned the material via the study-sheet paradigm.
One control group learned under identical conditions except that they did
not have the opportunity to overtly organize the materiai on their study
sheets, A second control group learned under "standard" free-recall
conditions. The opportunity to overtly organize the material to be
learned facilitsted learning, as the experimental group achieved more
words correct than either of the two control groups. Numbers o.” words
correct for the two control groups were alwnst identical. Further, only
those Ss of the experimental group who took advantage of the opportunity
to overtly organize the material were the ones to show better performance.
Performance for the Ss of the experimental group who showed no organization
behavior cn their study sheets was indistinguishable from the performance
of the Ss in the two control groups. The category definitions based on
concept dominance are not salient and/or persuasive. Ss tend to ignore
them, and appear to find other criteria for categorizing or organizing
the words. The concept dominance categories are reflected in test per-

formance to a lesser and lesser degree as learning progresses. In contrast,

the subjectively defined categories are reflected in test performance to
a greater degree as learning progresses.

The material to be learned in the second experiment had pairs of
words "built into it," with the pairs defined via the mutual relatedness
data reported by Cofer (1965) and Marshall (1967). All Ss learned via
the study-sheet paradigm., A new measure (coN) was developed for the
consistency of organization from one trial to the next, independent of
the order in which the words were written. A second new measure developed
(STR) gave an index of the degree of Stereotypy of organization for each
word and/or the set of words, i.e., the degree to which the different Ss




organized the material in the same way. A third new measure (CCP) pro-
vides an index of the degree to which selected pairs of words are
categorized into the same subjective categories, i.e., a measure of the
common categorizing of the pairs. The mutual relatedness variable was
considerably more potent than the concept dominance variable of experi-
ment one. Word pairs with high mutual relatedness strength are salient
and persuasive. Most Ss utilize these pairs in their subjective
organizations. Over all, however, the "built-in'" pairs show a relative
decrease in frequency of usage as learning progresses when compared

with the frequency of usage of the subjectively defined categories. Even
for the highest mutual relatedness levels clustering never comes close to
complete or perfect. In terms of the mutual relatedness variable there
is strong and striking agreement between the results of the present study
and those of Marshall (1967), despite wide differences in procedure,
measurement, experimental design, and § population. There is no optimum
size of a subjective cluster, and Ss use an average of approximately 15
clusters for these 72 words. Ss whose tests reflect their study-sheet
organization are the ones who learn fastest. The degree of correspondence
between study and test organization increases with trials for almost

all Ss. Consistency of word order from one test to the next shows no
consistent growth over trials, but consistency of organization (as
measured by CON) from one study sheet to the next does show growth

over trials. However, CON is related (across S$s) to number correct

only very early in learning, The STR and CCP measures very nicely
reflect the variables "built into" the stimuli, and thus exhibit a kind
of concurrent validity. The CCP measure clearly points out the large
source of variance due to total 1list context effects, and the need to
understand these effects in order to account for subjective organization
behavior and, by inference, learning.

The third experiment utilized lists of exhaustive categories
(Cohen, 1963). For one group of Ss all categories were complete, for
a second group one word was missing from each category, and for a third
group one word was missing from one half of the categories. Exhaustive
categories are highly salient and persuasive. The pre-experimental
history of the Ss permits them to re-generate most of the words of the
categories given only that they remember one of the words (or the category
name). However, if one randomly selected word is omitted from a category,
then S must also remember which word to leave out. It was hypothesized
that the incomplete categories would be more difficult to learn than the
complete ones. The between Ss comparison (groups one and two) was
confounded with length of list, and apparently 1list length was the more
potent variable. The results were counter to the hypothesis. However,
the within Ss comparison (group three) clearly supported the hypothesis,
an' the data suggested that it should be possible to design a between-Ss
experiment which would also support the hypothesis.
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Appendix A

I. Index of stability of organization for word k from trial tel to trial t
(Rk(t-l)(t)) for any given subject, i, With KK words in the list which is
to be subjectively organized (woxrds A, B, C, o o o+ k, o o « KK) build a one
by ¥K matrix for each word, k, for trial t-l, and another for trial t,
Considering all KK words this means, in essence, a square matrix KK by KK
big for each trial, For each cell entry for word A (row A), for example, let
the entry (qu) equal one if word A was in the same subjective category as
word k, let Cak equal zero if word A was not in the same subjective category,

and let CAA equal one, This is done separately for each trial for a given

subject, Define Rk(t-l)(t) as:

(1) Rk(t-l)(t) - "ki / <nk(t-1)) . (nk(t)) » Where, for word A, e,g,
KK

B, = ) (gAk(t-l)) . (qu(t)), which is a count of the number of

k=A
words categorized with word A on trial t-1 that were also

categorized with word A on trial t (the minimum value is 1,

for word A alone), This count is squared for the numerator

KK

o (t-1) E'ZEA CAk(t-1) * which is the number of words categorized
with word A on trial t-l,
KK

QA(:) = EE; QAk(t) s Which is the number of words categorized with
word A on trial t,

Rk(t-l)(t) 1s interpretable as the square of a correlation coefficient defined

in terms of "common elements," In other words, it is the product of two

proportions, LT / QA(tol) times ch/ By ey 1f the number of common elements

equals the total number of elements for either trial t-l or trial t, then

the index of stability is simple egual to the other proportion,
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Thus, so far, we have two matrixes of the following form for

each subject, 1:

Trial te-l

S

4
I
1%

e s 0 MO M KMHI>
e o o O K Fiw
¢« o o OKMFOOCIN
e o o MO M MO
e o 5 o o o o e
e © o 0o o o o
e e e 0o 0o o o e

. 0O X
/5]
ooooooooUHWng

;oooﬂ'ooobﬁﬁ»

Trial t
Word

e o o oo.-‘P‘l>
e e o OO KM M|
e o o OMFOOIO
e o o OO OIU
e o o 0o o o o
@ o o o o o o |
e o 06 o o o o o

w
.ooooooHHNNlE

ﬁ.‘ﬂx...uawp

In the particular example depicted subject i formed a cluster of words

A, B, and D on trial t-l, and for the portion of the table shown word C
was not clustered with any other words,l.e,, it was an isolate, In trial
t the subject formed a cluster of words A and B, dropping word D from the
cluster and making it an isolate, Word C remained an isolate, The index
RA(t-l)(t) would then equal the square of (1°l + l°1 + 0°0 + 0°1 + ,,,)
in the numerator; and the product of 3 times 2 in the denominator, The
index of stability for word A in the sample would then be 4/(3¢2) or 2/3,
The index is the same for word B, equal to 1 for word C, and equal to 1/3

for word D, A2
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II,

I1I,

Iv,

'

©

ERIC

Aruitoxt provided by Eic:

Index of stability of organization for a cluster of words (cluster defined

on trial t) from trial te-l to trial t, for any given subject, i, The

clusters on trial t are 1, 2, ,,.m, +oo M¢ The index, Rm(t-l)(t)’ is

defined as:

, Where * means summation over all the

@ Ryene) = F Rre-1)(e) / Mn

words in the mPh cluster (defined on trial t), and n is simply

the number of words in that cluster, Thus, Rm(t-l)(t) is simply

the arithmetic average of the Rk(tal)(t)'s in the cluster,

Index of stability of organization from trial t-1 to trial t for any given

subject, 1, This 1s simply the arithmetic average of all KK of the

Ree-1) &) bt

@) Reeanyey :{;A Frce-ny ey /&

Index of stability of organization from trial t-l to trial t for any given
set of subjects, This is simply the arithmetic average of the R(t-l)(t)'s

for all of the subjects in the set, and will be labelled'i(t_l)(t).

Index of stereotypy of clustering, This index reflects the degree to which
a given word (e,g.,, word A) is clustered with the same words, across a set
of Ss, Indexes I through IV are concerned with comparisons between trials
t-1 and t, where the basic comparison is within a single S for a singl=
word, and averages are then found across words, .nd then across Ss, The
basic comparison for the index of st ‘eotypy (Index V) is also for a single
word, but it is not within a single S, and it involves only a single trial,
Thus, for a word (e,g., A) on a particular trial the index, r, , is

defined as follows:




Given the set of S8 (1, 2, 3, «eep L, eesy N), each S puts the word
A into a cluster with from one (A is an isolated word) to Dy words
(Leeey By, = 1 other words). All possible pairs of Ss are considered, one
pair at a time, For each pair oéiggxghg)index VT
the index reflects the similarity or overlap of the words which each §

is determined, where

asgociated with woxrd A, i.e,, put into a cluster with word A, The basic
{index is similar in form to the previous indexes in that the square of the
coupt of the number of words both of a pair of Ss clustered with word A

goes in the numerator; and the denominator is eimply the number of words
clustered with word A for one of the Ss (1), times the corresponding number
for the other S (§) of the pair, The basic data may be entered into a matrix

of the following form:

For Woxrd A
A B €& D ss. k £ K 1y

S 1 1 1 0 1 .« o e 3=my;
u 2 1 1 1 | ¢ o o & = np2
b 3 1 o0 1 0 .. 2 = nyq
§ 4 1 0 0 0 ... 1=y,
e [ ] [/} [ ] [ ] [ ] [ ]
c ° ° ° ° . .
t o o o o [ o
s i DAL

k| DAY

N DA“
Mok Na Ny M Mo Nak Nakx A,

There would then be a similar matrix for each of the KK words,
For the Word A matrix: for each row (subject) there is a "1" in each
column corresponding to words which that subject included in the same

A-4
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category
subjective, as word A; and a zero in the remaining cells of the row, In

other words, let each cell entry, C\ equal "1" 1f for subject 1 the
kth word was included in the same subjective category with the word A,
All other c's equal zerc, The n,, are simply the sums of the entries in row
i, and, for subject i, they are simply the number of words in the subjective
category within which word A occurred, The N,k are the sums of the columns,
and they are simply the number of subjects who iicluded word k in the same
(Note: for a complete table for Word A, Nap = N)

subjective category as word A,A The n,. is simply the total of the ones
in the entire table for word A, and it is the sum total of the number of
words categorized with word A across the set of N subjects,

All possible pairs of subjects (rows) in the above Word A matrix are

to be considered, There are, of course, (N/2)(N-l) different pairs, For

eack pair of subjects, i and j, define an index of common categorization as:

%) Ty ™ nMj / (mpy) (nAj)’ where
KK

n = 2 (o) * (ch40)
Al kel Alk Ajk
D,y = Sum of row i, as defined in the Word A matrix above,

nAj = Surn of row j, as defined in the Word A matrix above,

The n, 1y are the counts of the words which both subjects i and j
categorized with word A, Thus, the numerator for Tp12 would be the

square of the quantity (1 « 1 +1 ¢ 1+4+1 ¢ 0+ 1 ¢ 1), which equals

32. The denominator equals 3 times 4, Auad, Ta12

Tpy 3 for the example depicted in the Table for Word A are:
=323 « &) =314

= 3/4, All of the

Fal2
T3 ™ 12/(3 ¢ 2) = 1/6

A5




T e Ty TR e

£y = 15/G + 1) =153
Tygy = 22/« 2) = 1/2
Fyp = 12/ ¢ 1) = 1/6
£y = 12/2 * 1) = 1/2

The index of stereotypy for Word A (for the set of subjects, N) is then
defined as the arithmetic average of all of the ?Aij' For N subjects
there are (N)(N-1)/2 different pairs of subjects, hence that many

different r,,..

b P ow -
) 1, = 2/(N) (1) El j'{—l 0 |-

LJ) 1 h

Por the above example r, = 2/(4 + 3) [3/4 +1/6 + 1/3 + 1/2 + 1/4 + 1/2 ] =
(1/6) + (30/12) = 0,4167,

If only the first three of the subjects are considered the example
would be:
= 3/4
=1/6 r, =1/3 [(9 +2 + 6)/12_] = 0,472,

Tal12

TA13
Tpo3 ™ 1/2

A computer program will be written to work with sets of 20 (or fewer)
subjects, Two, or more, sets of subjects will provide reliability
estimates for the index, The same thing that was done for Word A above
is, of course, done for each of the KK Words, thus yielding an x, for
each of the KK woxds,
Index of stereotypy of clustering for sets of words, This is simply the
arithmetic average of the Ty for the words in the set, Sets m2y be
defined by the experiumenter (on apriori grounds, or on the basis of prior
experimental evidence) to include any number of words from 2 through KK,

The average across all KK words is, of course, the average stereotypy for

the tatal set of stimulus words used,
A =6

—
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VII, Index of common clustering for any specified pair of words, The intent
is not to try to look at all possible pairs of werds, but to use this
index to examine only those particular pairs which are of special interest
on apriori grounds or on the basis of prior experimental evidence, One
obvious index which might be considered is simply the proportion of
subjects, out of the set of N subjects, who include the particular pair of
words in the same subjective category, For example consider the pair of
words A and B, Utilizing the example denicted in the Table for Word A
(the Table for Word B, depicted below, could also be used) this index
would simply be QAB / ENA (which equals H&A / NBB from the Word B Table,
beiow), or 2/4 = 1/2, Thus, one half of the four subiects depicted in the
example formed subjective categories such that words A and B were included
within a single category. This simple index fails to take into account the
sizes cf the subjective categories in which words A and B are imbedded,
If most subjects include these words in categories with many other words,
i1,e,, large categories, then thec: two words would fall within the same
category by chance more frequently than they would under the coriitions
in which the two words are usually imbedded in small categories, For this
reason a somewhat more complex index will be used, It is similar in form

to the previous indexes, It is de.‘r.2d as:

2
(6) g = (QAB) / (QA.)(nB.), where
Op = the sum, across the set of N subjects, of the numbers of
words in the categories within which the pair of words A and
B may be found,

n

o = the sum, across the set of N subjects, of the numbers of

words in the categories within which the word A may be found

n, = the sum, across the set of N subjects, of the numbers of

words in the categories within which the word B may Le found,
A =7




In order to illustrate the computation of r._  an illustrative table for

AB
Woxrd B 1s also needed,

For Word B
, n
A B € D se. k o.. & m
8 1 1 1 0 1 ... 3= ng
u 2 1 1 1 1 ... 4 =n
b 3 0 1 0 0O .. 1 1 3=n
3 4 0 1 0 L l=n
e [ ) [ ] [ [ ] o [ ] B4 l
c L L [ [ ] L J [ q
t ® o [ ] o ® [ ]
8 i nBi i
3 o °
3 j nBj
| N nBN
|
; Nk "o Mz e M Npk e T
} 2 4 1 2 1 1 11
r The quantity n, g WAy now be obtained in any one of three ways, The first
1s from the Word A. Table and is:
Z (cyn) * (@),
| i=1 AiB i

The second is from the Woxrd B Table and is:

| = Z(c ) ¢ (ay,).
e o ma? * gy

The third involves the Tables for both Word A and Word B, and 1is:

N KK
BB T L T (eagd o (opyp)e
=1 k=
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All three yleld identical 2nswers. The quantities n, and n,, are simply
the sums of the ones in the Word A and Word B Tables, respectively, and
are shown in the lower right hand corners of the Tables,
Using all four of the subjects depicted in the Tables:
r, =7°/ (10) + (11) = 0,445,
AB
Using only the first three subjects:
2
Thp = 77/ (9) « (10) = 0,545,
And using only the first two subjects:
2
Trp /7@ @) =1,0,
VIII, Further computational illustrations, The computation of o the index
of stereotypy of clustering for Word B (Section V), is done from the

example depicted in the Table for Word B as follows:

2=32/(3.4)~3/4

B1

Ty =1/ G 3 =1/
r, =10/ @D =17
T3 =10/ (4 ¢ 3) = 1/12
Tpoy =10/ (40 1) = 1/a

a3 = 12 / 3+1)=1/3

And = (2/12) (@7 +4+12+3+9+12) / (36)] = 67/216 =
0.310,

The computation of r s and r_ . requires the use of the Table

¢ *ac BC
for Word C, An example Table is as follows:

.




For Word C

A B € D 4. k . K oL ;
8 1 0 0 1 0 1 .
u 2 1 1 1 1 4 i
b 3 1 0 1 0 2 i
j 4 0 0 1 0 1 2 3
e . i
c ] !
t ) ;
8 i (
: |
2 1 4 1 1 9
r..=12 /) @by =1/ |
Cl2
2
2
oy = 1 /| 1 2)=1/2
2
r623 =22 /(4 °2)=4[8=1)2
2
2 . -
Togy = 1 [ (2 °2) =1/
And r, = (2/12) 2 +4+4+4+1+2)/ (8) =17/48 = 0,354,
E Using all four of the subjects depicted in the Tables:
2
| r,.= 60 / (9 « (10) = 0,400,

Ty = 62 1 (9) + A1) = 0,162, |

Using just the first three subjects depicted:

=6 /(1) + (9) = 0.57L,

2
re=4 [ @) ¢ (10) = 0,229,
Using just the first two subjects depicted:

£ - 42 | (5) « () = 0.457,
Ty = 42 [ (5) + @) = 0.457.

E
In summary of the samples depicted:
Subject 1 clustered viords (ABD) (C)
" 2 " " (ABCD)
" 3 " " (AC) (BkK) (D?)
"4 " " (a) (B) (Ck) (D?)
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T, = 0,472,

r, = 0,310,

B
I, = 0,354,

And for all four subjects:

Ty = 0,445,

Te© 0,400,

Tae © 0,162,
For just the first three subjects:
g = 0.545,
Te™ 0,571,

Tpe ® 0,229,

For just the first two subjects:

r,, = 1,00,

AB
Lo © 0,457,

r. . = 0,457,

BC

A =11




APPENDIX B

Derivation of the Bousfield formula as reported by Dallett
(1964) .,

Repetitions expected by chance (RC) equals

k ) k k k

E (ny) I () - Iy I (ng)(ny - 1)
rg = 121 | =1~ _ _i=1

k Kk k

Z n X ny I n

jui 1 fm] a3 1

where n; is the number of words of the ith category on a test, and

k is the number of different categories on the test represented by
at least one word,

Derivation:

1) For any ny words the numbar of possible pairwise combinations
(i.e., repetitions, or adjacencies) equals (1/2)(ni)(ni - 1), 1t
is simply the number of combinations of n, things taken two at a

time. For the ith category it is the number of possible ''succes-
ses" (1.e., adjacencies),

2) For k different categories the total number of possible "succes-
ses™ is simply the sum of the number of successes for each of the
categories, or

. k
1/2) ¢ (ng)(n, - 1)
i=1 1
k
3) The total number of words on a test equals I n, = N.
i=1

4) The total number of possible pairwise combinations of 11 words 1s
Q/2)(N) N - 1).

5) Of the (1/2)(N)(N - 1) total possible pairs there are

k

(1/2) & (ny)(ny - 1) possible "successes". Dividing the number
i=1

of possible successes by the total number of possible pairs yilelds
the probability of any given pair, drawn at random, being a success,

B-1




Or,

k
Prob. of any random pair X (“1)(“1 - 1)
being a "success" . =1

N (N=-1)

6) In any ordered list of N words there are, in fact, N - 1 pairs
(adjacencies).

7) Since any list of N words ylelds N - 1 pairs, and each pair has
the same probability of being a '"success," then the expected number
of "successes" (i.e., chance adjacencies, or, RC) equals the number
of pairs times the probability that a pair will be a "success".
Thus,

k " k
I (ng)(ngy = 1) I (ng)(n, ~1)

RC = 321 x (W-1) = =1
N (N - 1) N

k
Since N = I ny (paragraph 3),
i=1

k

¥ (ng)(ny - 1)

1 ny)ing

k o9
L ni

i=1

RC =

Special case where all categories are, at most, two words big:

All tests have been scored for repetitions possible (RP),
and for number correct (C). If all categories being examined for
on the tests are, at most, two words big, then the RP and C mea-
sures for a given test may be used to calculate the RC measure for
that test. Such is the case for the E-defined categories of Experi-
ment Two. For every "repetition rossible" on the test n, = 2, or,

ny = 2 RP times, For every occurrence on the test of a single word
of a pair, ny = 1. For the present situation ny can take only the
values of one or two. When ny = 1 it has no effect on the numera-
tor of the formula for RC, which is I{nj)}{n; = 1), since (ny - 1)

= 0, Thus, the numerator is simply equal to (2)(2 - 1)(RP). The
denominator, zni, is simply equal to the number of words correct,

C. Hence,

B-2




= {2)(2 - 1)(RP) _ 2RP
c C

RC

This formula has some interesting, counter-intuitive properties.
First, RC < 1.0 regardless of the value of C, since 2RP < C. 1In
other words, no matter how many correct items there are on a test,
the expected number of chance repetitions will be equal to, or less
than, one, Second, if all words on the test are members of pairs
of words, i.e., if 2RP = C, then RC = 1 regardless of the number of
words on the test.

The quantity RO - KC for this special condition in which all
E-defined categories are pairs is equal to

RO - RC = RO - 2(1P)/C

For the plots in Fig. 7 there are three E-defined pairs for each
plotted point, hence RO for any one S can take the values 0, 1, 2,
or 3. RC can vary between 0 and 1. Hence the quantity RO - RC
must vary between 2 (for perfect clustering of all three pairs),
through 0 (for the case where RO = RC, i.e,, when both measures
equal one or zero), to minus 1 (for the case where RO = 0 and all
six words are present, but scattered throughout the test list,
i.es, RRP =3, C= 6, and RC = 1).
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different Ss. Three experiments are described. The extent to which Ss utilize E-
defined organization is evaluated. '"Concept Dominance" is not persuasive, but high
degrees of 'Mutual Relatedness" are. Much of the subjective organization behavior
depends on the total set of items involved. Overt organizing, and the utilization
of it, facilitates learning. There is no optimum size of a subjective cluster.
Consistency of word order from ore test to the next does not increase with learning,
but consistehcy of organizatiorn does. The other two new indices reflect the Mutual
Relatedness variable. The third experiment ind¢ ates that in a mixed list of items,
exhaustive categories are learned faster than are exhaustive categories with one
item missing.




