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I• Transformational processe« and remeabarinq 

Introduction 

Our studies of coding processes in verbal learning have centered 
around a detailed analysis of performance on a task devised by Under¬ 
wood and Keppel (1&63). These investigators attempted to make the 
concepts of "encoding" and "decoding" more explicit by creating a task 
where each of these processes could be operationally defined and 
where hypotheses about the effects of coding could be formulated and 
evaluated. They selected 10 trigrams each of v/hich would, by rearrange- 

of the Otters, produce two common three-letter words (e.g. UBT, 
BUT, TUB). In this way encoding could be understood as the process of 
performing letter-order transformations on the several trigrams. Purther- 
more, if the task was presented to S as one in which, even though such 
encoding were possible and permissable, he must learn to reproduce the 
trigrams, then decoding could be construed as the processes involved in 
reconstructing the trigram letter-order from the solution-word letter- 

In ¿h-* Way Und®rwood and Keppel arrived at the hypothesis that 
t~i.i ^*Ct* Oi.codin0 would largely depend upon the difficulty of de¬ 
coding. That is, they supposed that if Ss encoded the trigrams into 
words, learning would progress more rapidly when they were permitted 
to reproduce the words than when they were required to reproduce the 
trigrams. This hypothesis was clearly supported by the results of their 
experiment. 

We have retained the basic Underwood and Keppel paradigm in our 
experiments, but have modified the procedures in ways which permitted 

*tVK?y coding processes of a more systematic character, viz., 
the learning and use of yules for encoding and decoding. A rule, in 

ÍÍÍ#wCOntfft’ X# si“P1y * statement of a letter-order transformation 
which applies to some subset of trigrams in a list. For example, the 
trigram FXO can be encoded to FOX and the rule could be expressed either 
as 1-3-2, or as interchange the second and third letters." 

Jnas“uc¡' as the research conducted during the tenure of this grant 

b?en reP°rted th® request for continued support (Robin¬ 
son, 1966c) in technical reports (Robinson, 1966a and 1950b) and in 
forthcoming publications (Robinson 1967a, ICóTb) this report will 

-u*”0 brxe/ly #uniinariz3 the most substantial research completed 
with the support of AF-A703R-1008-66. 

A. Atlas of codeable trigrams 

T^® legitimate inference of letter-order rule learning, rule use 
and rule interference requires carefully controlled stimulus materials. 

Sinai! operations must be specificable by the experimenter. 

foîuîîÜ íflÍam9 9titÍSÍy thMe r^uir®“®nta. An atlas of single- 
solution codeable trigrams was compiled as a preliminary to our research 
on coding processes. It contains over 300 trigrams with diagram fre- 

J®tt®r-aaaoci»ti°n values, and meaningfulness ratings for each 
the le.ter-order permutations of each trigram as well as the Thorndike- 

L flÎJÎOUnt* XOr th® re,P«ctiv® »olution-words. These data have been 
punched onto IBM cards so that lists of trigrams can be prepared by 
simply sorting the deck in appropriate ways. 
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B. Rule learning and rule inteicfer«nce in triqram ncoding 

The discovery and use of transformational rules as well as sub¬ 
sequent interference among such rules was investigated. 24 single¬ 
solution trigrams were permuted from their respective solution-words 
by a uniform letter-order rule (LOR) and assigned to one of 2 lists. 
LOR* were either the sane for both lists or different. Ss encoded 
the lists under one of four conditions: (a) where the LÕRs of List I 
and List II were identical; (b) where the LOR for List II was different 
from that of List I. (c) a control condition where no prior rule¬ 
learning experience had been provided; (d) a no-rule condition. As 
were simply asked to discover and say aloud the solution-v/ords. There 
was no suggestion that encoding rules could be formulated. Comparisons 
among conditions using mean median solution times for successive blocks 
of list-items indicated that (a) practice has no effect on solution 
time with nonrule materials; (b) encoding rule learning does occur as 
evidenced by significant changes in solution time for successive trigrams, 
and (c) when rules are changed (List I to List II) solution time in¬ 
creases significantly, i.e. encoding rule-interference results. This ex¬ 
periment has been discussed in greater detail in Robinson (1957a). 

C. Effects of intralist rule order (IRQ) on learning codeable trigrams 

The Underv/ood and Keppel (1963) coding task was analyzed into three 
components: encoding, solution-word recall, and decoding. It was argued 
that Ss could be expected to formulate and use letter-order rules to 
mediate coding. The principle concern, however, was with the effects 
«f intralist rule order (IRO) on the learning of a two-rule list of 
codeable trigrams. IRO was varied by presenting rule-associated trigrams 
in successive blocks (BLK), or in successive alternations (ALT). Pour 
experiments were conducted. The general procedure consisted ox en¬ 
coding a ten-item training list followed by several presentations of a 
test list for which either solution-word or trigram recall was required. 

In Experiment I Ss practiced the test lists for five trials. The 
results indicated that a BLK list was significantly easier to learn. 

In Sxperiment II the effects of IRO on encoding were investigated. 
Ss were asked to encode either BLK or ALT list. Solution time was re¬ 
corded for each trigram. The results indicated that IRO determines the 
point of maximum encoding-rule interference this being in the second 
rule set for a BLK list and in the first few rule alternations for the 
ALT list. 

In Experiment III the effects of IRO on decoding were investigated. 
The results indicated that decoding (trigram recall) was significantly 
easier with a BLK list, and that the association of decoding rules with 
appropriate solution-v/ords was the major focus of difficulty. Further 
evidence of the effects of IRO on encoding were demonstrated by deficient 
solution-word recall when Ss were given an ALT list with a brief presenta¬ 
tion interval. Finally, word recall itself was found to be significantly 
affected by IRO. Presumably, this latter result reflects the organiza¬ 
tional influence of rule-order. 

Experiment IV was an extension of Experiment III and further 
substantiated the debilitating effects on learning associated with an 
ALT list. 
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The general conclusion drawn from thess experiments was that IRO 
significantly affects each task component though the basis of these 
effects varied among the three components. 

These experiments have been discussed in greater detail in Robin¬ 
son (1967b). 

11• Organizational processes in multitrial free recall 

Following the definition by Miller, Galanter and Pribram (1960) 
a äs "any hierarchical process in the organism that cam con¬ 

trol the order in which a sequence of operations is to be porformed" 
(p. 16) we have attempted to describe the anatomy of the Plans control¬ 
ling the retrieval of categorizeable word lists in free recall. These 
materials were chosen because it was possible to distinguish levels of 
potential Plans, e.g. category recall and word (intracategory) recall. 
We supposed that any demonstration of the tendency for organisation of 
elements to occur at these two levels of the material would provide 
evidence of the formulation and operation of retrieval Plans. Organiza¬ 
tion, in this case, reflects a growing redundancy in the order of recall. 
Success in accounting for this aspect of performance is tantamount to 
a demonstration of the reality of Plans. Furthermore, if it can be 
shown that performance covaries with organisation, e.g. that araount of 
organization is highly correlated with amount recalled, then we may 
conclude that remembering is, in some sense, productive rather than beino 
simply reproductive. 

The procedure followed in these experiments is quite simple: a 
30-word list representing 10 different categories is presented to Ss 
in random order five times. A two-minute recall period follows each 
list-presentation. Analyses of the data, however, became rather com¬ 
plex. The main property of interest is the order in which the categories 
are recalled and the order in which words within categories are recalled. 
We have designated the former as Level I and the latter as Level II of 
the hypothetical retrieval Plan. 

Oegree of organisation at Level I was determined by coding the se¬ 
quence of words recalled into sequences of category-transitions. These, 
in turn, are entered in a matrix and the frequency with which each cate¬ 
gory followed (and preceded) every other category is tabulated. We 
arbitrarily decided that only those pairs of categories (CP) which recur¬ 
red contiguously two or more times would be included in further analyses. 
These recurrent CPs »/ere considered to be the components of the Plan at 
Level I. In order to further characterise the structure of Level I 
we utilized some concepts from graph theory (cf. Flament, 1953). A graph 
is a series of nodes (or points) and paths (or lines) The pattern of 
nodes and their path-mediated connections is a portrait of the struc¬ 
ture latent in the data. 

If we regard each category as a potential node and the recurrent 
contiguity of categories in recall as evidence that a patn exists be¬ 
tween, or connects them, then it is possible to (a) evaluate the de¬ 
gree of organization reflected in the graph and, (b) trace the evolu¬ 
tion of the components of the graph. The metrics of graph theory pro¬ 
vide two measures of amount of organization: node degree - the number 
of paths converging on a node, and connectedness - the extent to which 
it is possible to get from one node to any other node by traversing 
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existing paths. Utilizing techniques introduced by Rapoport et.al. (1966) 
we demonstrated that both node degree and connectedness for Level I was 
significantly greater than would be expected on the basis of chance. 

The "evolution" of Level I of the Plan was studied by marking each 
oath in terms of the trial on which it first occured. In this way we 
could demonstrate that Level I Planning proceeds by the integration of 
sub-graphs and that increments in category recall on successive trials 
covaries with increments in graph or sub-graph organization. 

The real test of whether a Plan exists and is operable lies in 
the demonstration that the order of recall is consistent with the 
relations specified in the Plan. One of the remarkable aspects of these 
data is that Plans are completed midway in the experimental session. 
Subsequent trials are, then, tests of our descriptions, for the sequences 
of category-transition on trials subsequent to the completion of Plans 
should be predictable from the internode connections in the graphs con¬ 
structed for each S. Brief consideration suggests, however, that a 
second process must be included, a recency principle, in order to 
account for t»ie initiation of recall. When both of these processes 
are taken into account - recency and Plan - specified transitions - we 
were able to account for, on the average, 35% of the order of cate¬ 
gory recall. Consequently, we have concluded that Ss were engaged in 
Planning and that recall has been shown to be under the control of such 
processes. 

Level II organization - intracategory clustering - was evaluated 
by a modification of the ratio of repetition (Bousfield, 1553) which 
takes account of the maximum number of incracategory repetitions pos¬ 
sible given the particular list being us3d. This index was computed for 
every subject and every trial. The mean value of this index increased 
in a regular way with each trial and was linearly related to increases 
in total word recall. By referring to an equation developed by Bous¬ 
field & Bousfield (19o3) it was nass able to siiovr that the amount of Level 
II organization was significantly greater than chance on every trial. 

The results of this investigation seem to fully warrant the con¬ 
clusion that remembering - in the sense of retrieving familiar informa¬ 
tion upon demand - requires the development of some reliable "address¬ 
ing system" which we have called a Plan. A number of other implications 
for present theory will be included in the detailed statement now being 
prepared for publication. 

A closely related problem, the nature and efficiency of different 
retrieval strategies, has been explored in a preliminary way and the 
results have been reported in Technical Report No. 2 (Robinson, 1966b) 
and in the request for continued support (Robinson, 1956c). 

****** 

In conclusion, we wish to point out that our investigations into the 
role of organization in multitrial free recall and on transformational 
processes in learning lists of codeable trigrams are both directed to the 
same end: to yield a fuller appreciation of basic psychological processes 
within the context of a dynamic information-processing approach to cognition. 
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