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1. Introduction

The basic {ree recall experiment with which we will be concerned
involves the presentation to a subject (S) of a list of words, one word
at a time. After seeing all the words in the list, the § is asked to recall
them in any order he chooses. The experimental paradigm derives its
name from the fact that the S is not constrained to recall items in a
particular order. The free recall paradigm has recently attracted
much research interest because of evidence indicating the strong
influence of various types of conceptual organization upon the §’s
recall. This evidence s of two sorts:

1. The experimenter {E) may choose sets of words with certain

! This research was supported by a grant, MH-13950-04, from the National
Institutes of Mental Health to my research advisor, Gordon Bower. I am indebted
to Professor Bower for his advice and assistance in the-preparation of this paper.
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orgamizational characteristics and note how that organization Is
reflected 1 recall. Bousfield (1953) reported that words which came
from the same conceptual category (i.c., were instances of the same
superordinate concept) tended to be recalled together. Bousfield and
Cohen {1953} found that this clustering increased over trials, and
Underwood (1964) found better recall for lists organized into a small
number of conceptual categories. Jenkins and Russell (1 952)
examined free recall in a list that contained 24 pairs of words, each
pair consisting of a stimulus word and its lughest frequency associate.
Although such associated pairs were not presented adjacently in
study, there was a high probability for the items to be recalled
together. Deese (195%a) found that sets of words which tend to elieit
one another as free associates arc more easily recalled than sets of
words which are not interassociated.

2. Even when the E deliberately minimizes relationships among
the list words, Ss apparently still impose thewr own idiosyncratic
organization upon the word list. In thew ntrospective reports
subjects almost universally describe some sort of organizational
strategy. Typical strategies inciude developing visual images in which
the referents of the words interact, creating stories that involve the
words as main actors, and finding some obscure property that applies
to a number of words (e.g., “mother,” “butter,” and “cup” are all
found mn the kitchen). Subjects also claim to recall together the
words they have grouped together during study rather than recalling
words in a random order. It is as if the S5 created a small number of
multiword units out of a long list of words and recalled these units
rather than the words individually. If so, 1t is clear why categorized
and highly interassociated lists are better recalled than those which
are not. Such lists are more conducive to such a “unitization”
strategy.

Alongside these introspective reports, there Is evidence in the
recall protocols themselves to indicate that Ss organize their recall
even with “unrelated” words. By tabulating the frequency with
which the same pairs of words are recalled adjacently across trials, it
becomes clear that the order of recall shows much greater across-trial
consistency or stereotypy than could be produced by randomly
ordered recall (Bousfield, Puff, & Cohen, 1964; Tulving, 1962). Such
stereotypy, occurring although the words are rerandomized on each
presentation, is just what would be predicted if the §s were recalling
the words m groups or “subjective units.”

This stercotypy of recall increases across trials on a list as does the
number of words recalled. This correlation between stereotypy and
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amount recalled has led some theomnsts (e.g., Mandler, 1967; Tulving,
1968) to postulate that free recall learning is a consequence of
progressive organization of the list into a small number of subjective
units. This is called the "“unitization hypothesis.” Mandler and
Pearlstone (1966} reported an experiment which offers impressive
support for this hypothests. Their Ss sorted 52 cards, each containing
a word, mq,zo two to seven groups based on similarity of meaning.
After sorting the cards once, the S was given the cards a second time
in randomized order and instructed to resort them in the same way.
This procedure was repeated until the $ was able to sort the cards
identically twice in a row. One group of Ss was told to study the
words as they sorted them m order to be able to recall them later.
The other §s were not told that there would be a [ree recall test. Ina
subsequent free recall test both groups recalled equally well. From
this result, Mandler and Pearlstone concluded that organization of a
list of words into stable categories is a sufficient condition for a high
level of recall. This is to be predicted from the unitization hypothesis
which relates level of recall to the degree to which the list has been
“chunked” into a small number of stable groups.

Despite this kind of evidence, we feel that the unitization
hypothesis as 1t stands 1s inadequate as a theory of free recall. A first
objection 1s that several experiments are now available mdicating that
measures of organization and of recall can vary independently
{Cofer, 1967; Cofer, Bruce, & Reicher, 1966; Dallett, 1964; Puff,
1970; Rosner, 1970). Such failures of the general correlation indicate
the need to make more explicit the structures and processes
underlying the formation and retrieval of the *“‘units.” Once this 1s
done, 1t might be possible to determine boundary conditions on the
general prediction of “more organization, more recall.”

A second objection to the unitization hypothesis arises from
informal observations of ours when we have asked S5 to introspect
on what they were doing as they studied and recalled a list of words.
Consider the representative introspections, given in the Appendix, of
one § as she studied a list of 40 words during a free recall trial. She
had already studied and recalled this list once. At first glance she and
most of her cohorts we have analyzed appear to do roughly what the
unitization hypothesis claims, viz.; by using imagery, catcgorization,
storytelling, etc., they try to organizc words into groups during the
input trial. Also Ss tend to recall the words i the groups they have
created. However, there is a consistent sort of nstability to the
groupings which is totally alien to the spirit of the unitization
hypothesis. Groups of words break into parts, which merge into new
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groups, which break apart again and remerge into old configurations.
It would appear that Ss develop plans for retrieval that do not rely
upon rigid subjective units. During the input trial, associations are
established between individual words, but there is little effort to
define stable units. A network of such interword assoclations
constitutes a powerful retrieval system; if the § can recall just one
word, he can recall all the words he has associated with that word,
then in a second loop, all the words he has associated with those, and
so on, recursively, until he has recalled every word he can reach by
chaining through the associations he has developed during study.
From this point of view it is not necessary that the S always
aggregate the same words together during study, nor Is it necessary
that he trace out exactly the same search path through his associative
network during recall. Indeed, anything that appears to be a unit is
just a group of words which are highly interassociated and hence
tend to occur together in the S’s introspections during study and
together in his output during recall.

In this paper we will be interested in developing a model of the
processes underlying standard free recall. By “standard free recall”
we mean to reference those experiments where the list to be studied
is composed of common nouns chosen in a fairly random fashion.
The words arc presented one at a time at a constant rate. Hitisa
multitrial experiment, study and recall phases are alternated. It 15 our
contention that, under these circumstances, most 55 spontaneously
adopt an associative method for free recall similar to that outlined
above. FRAN (Free Recall m an Associative Net} 15 a computer
program that sumulates this associative strategy for free recall. In
Section I, we describe the hypothetical mental mechanisms which
FRAN was constructed to simulate. In Section III; we describe how
these mechanisms are used to effect the associative strategy. Section
IV of this paper compares FRAN's performance with that of humans
in several free recall and recognition experiments. The final section
cvaluates our theoretical positions and discusses possible theoretical
extensions that would create a more powerful theory.

Ii. The Mental Mechamsms

FRAN 1s a computer program implemented in LISP/360. We will
not explain in detail the nformation processing occurring in the
computer program itself. Rather we shall concentrate on describing
the mental processes the program is simulating. In this section and
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the next, we will indicate what we think arc the important

ﬂmwﬁmnﬁﬂﬂmmﬁmﬁm Om Mmmﬁ uMmﬁ:._.N.m structures muuﬁm mUnnunmwwm@ t
5 H.U.mw Cuuﬁmﬁvﬁm“hw

A. STRUCTURE OF LONG-TERM MEMORY

FRAN’s memory is structurally divided into a sensory register, a
mwon..ﬁmﬂm store (8T8), and a long-term store (LTS), somewhat Eou:m
the lines suggested by Norman (1968). LTS 1s the memory system
that contains all the individual’s knowledge about the world
Therefore, in deciding what the structural characteristics of W_M.m.
should be, we wanted a structure that would be adequate not only
m.oa ﬁﬂchmmom of free recall, but also adequate to encode any
linguistic fact. Beginning with such general goals offers the possibility
that phenomena of free recall will be integrated in the future with
other phenomena in human verbal memory.

1. Information, Assocations, and Labeled
Associations

If verbal memory simply consisted of a set of symbolic units (e.g
words}, Rl would contain no information about the s,olnm,
Hmﬁ,.om.awzow takes the form of connections among the mﬁnvo:m
urits. A simple type of connection is the traditional association
.www:nw mmv:mowﬂmmw. Just an ordered pair of symbolic units (e.g.

dog-cat,” “jewel-diamond”). Perhaps because of their &Em:nm@.
such associations have historically received the greatest attention :w
theoretical reconstructions of the mind. However, 1t has been
frequently argued (e.g., Deese, 1968; Kintsch, 1970) that such simple
assoclations are inadequate for representing certain elementary facts
mw,o:ﬁ behavior, For instance, this representation in terms of ordered
pairs does not explain how 1t is that we know that the relationship
between *dog” and “cat” is one of coordinates, while the
relationship between “jewel” and “diamond” is an of super-
oﬁﬁmwnummvoa&bwﬁm. That is, what is lacking in an m_nammmﬁf
dictionary .Om associated pairs is knowledge of the relationship
exemplified by the pairs; this lack is a serious deficiency since people
owSonmw% can search for a word, B, that bears a specified relation, R
to a stimulus word, A. o

The madequacy noted above can be circumvented by replacing the
ommw..mamm pair representation by ordered triples or labeled associations in
which the third member of the triple is a symbol identifying
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(labeling) the relationship between the “first two members of the
triple which are single elements. So far as we can determine, there are
no simple demonstrations of the inadequacies of labeled associations
as there are for simple associations. We should point out, however,
that for every ordered triple there exists an equivalent ordered pair
of a special kind. That is, the ordered trniple <A BR> may be
equivatently represented as the ordered pair <<A B> R>. Either
notation is to be read as “A has relation R to B.” Representation of
such information in terms of ordered pairs 1s only possible, however,
when we allow units in an association to include other assoclations
(like the pair <A B> above). This move clearly contradicts
conventional stimulus-response analyses because 1t permits, as units
of description, clements which do not have a one-to-one
correspondence to stimuli or responses [see Bever, Fodor, and
Garrett (1968) for arguments regarding the inadequacy inherent in
this restriction on stimulus-response (S-R) theorizing] . Whichever of
these representations one adopts, restricted ordered triples or
generalized ordered pairs, one gocs beyond traditional associative
analysis with its simple listing of associated pairs.

We do not want to leave the impression that associations have
been abandoned in our model. Quite the contrary, we believe the
“data base” of a person’s memory is a complex associative network
and our model for free recall consists of operations for marking
subgraphs of that associative network. Where we differ from the
traditionat association doctrine is that we consider assoclation to be a
generic name for a whole class of different types of relations between
concepts, and we believe that the name of the relation has to be
stored with cach associated pair. With this emendation, then, our
model for free recall falls in the tradition of associationistic
explanations of learning. Frankly, we have a difficult time imagining
any radically different alternative type of theory of free recall.

2. Semantic Marhers?

Following their critical analysis, Deese (1966, 1968) and Kintsch
{1970) rejected traditional associationism, but turned, not to a more
powerful associative representation as we have, but rather to a
representation mn terms of semantic markers. In this choice, they
were undoubtedly motivated by the desire to establish common
theoretical ground with recent linguistic analysis (e.g., Bierwisch,
1967; Katz & Fodor, 1963). However, upon close inspection. it is
clear that there is nothing to motivate their choice over our own. The

FRAN: A Simulation Model of Free Recall 321

claims made for such semantic marker theories are hardly
noncontroversial in linguistics (e.g., Bolinger, 1965; Lyons, 1969;
and Schank, 1970). Also i1s scems that many marker theories E.n.
structurally similar to associationist theories since, in the abstract
each concept is defined in terms of its pattern of “associations” to a
base set of concepts, the alleged universal markers., Indeed, in
Kintsch’s analyses, 1t is not clear how he could encode his markers in
a mem.u memory structure efficiently and not adopt a representation
essentially identical to that adopted for FRAN. Thus, it appears that
the choice between the two conceptualizations may ultimately rest
on heuristic considerations. We find the graph-theoretical represen-
ﬁmmom“. to which our associationist analysis leads us, much more
congenial to our way of thinking (see also Quillian, 1969).

3. Free Assocuation Norms?

ﬁu.n memory structure of FRAN, then, is a network of labeled
associations between words. We think of the memory structure as
representing what the § knows when he enters the laboratory and
not something that is built up during the experiment. We have
resisted the temptation to assign strengths to the varlous associations.
In FRAN’s memory, an association either does or does not exist
between a pair of words; it 1s an all-ornone affair. The immediate
question is how are we to account for the fact that some associations
appear much sironger than others in free association norms.

.mwwmn are at least three answers to this challenge. The first is to
question the assumption that a person in generating an association
mnﬂmnnﬂm only from the words which are directly associated to the
stumulus. It is possible that the ndividual E.&v. chain through a
number of associations in his network before generating the
response. If so, the structural characteristics of an all-or-none
network may ‘‘conspire” to favor some words as responses over
others. In fact, Kiss (1967) assumes just this in fitting his associative
net models to normative association data. The second tact 1s to argue
that the graduated character of free associations is a consequence of
pooling across Ss in the construction of associational statistics. Lach
$ wwm associations in an all-or-none manner, but only the strong
associations are possessed by most Ss. This analysis has the added
z.cr? of explaining in a natural way why weak associations are often
vmwmﬁ.m — they represent the memory structure of only a few Ss. The
third response to the challenge Is to question the relevance of free
association norms to testing a theory concerning the structure of our
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knowledge of the world. Surely many responses m@wn.&w n w.mm
association norms which have no semantic or conceptual H.nmmﬁos ’
the stimulus word — included Soe.mnﬁ be rhymes E.,& all oﬂﬁmwo
“clang” associates. The point is that wﬂ we wished to find out w nMJ‘M
peopie generally acknowledge a particular relation R waWnom v
words A and B, we would hardly set them the ill- nwEm WE
ambiguous task of freely associating to A the hope that ¢ mw mﬁzmﬁm
produce B. In any event, the force wm these arguments is tha
graduated character of free association norms need constitute no
particular embarrassment  to FRAN’s network of all-or-none
ﬁ%mﬁ%ﬂwﬂggg of FRAN’s vmmmxm.mmgmmﬂ&‘mmmo&mmonm is that
they are symmetric; that is, ifword Bisan .mmmonmﬁn of \Eow.nm ? cwg
A is an associate of B. The motivation for this decision 1s EE@@M at
if A has the relation R to B, then B has the inverse anmﬁo: ﬁm. } to
A. For instance, if “cat” is a subordinate of carnivore, mvmnn
“carnivore’” is a superordinate of “cat.” In formal doﬂ:osq if a
person knows the relation <<A B>R>, he should also know the
relation <<B A>R™!> To critics with a bent for parstmony,
symmetric associations may appear as superfluous redundancies since
one association could be inferred from the nmunn. Eﬂsmeﬁﬁ nczm%ww
the problem of how a S could ever give the information contained in
the association <<A B> R> if he were asked “what do ,ch know
about B?" Without the symmetric association <<B A>R7'>, that
wmformation would not be accessible from B. For manw rcasons, it was
deemed necessary that FRAN have this symmetnc property in her

associations.

4. Details of FRAN’s Memory

Having discussed the general properties of FRAN’s Bmﬁmg_ we
will now state the details of the actual memory structure that was
used in the simulations to be reported. First, 1t m#o,sm@ he nowmnmmnw
that, despite our arguments for labeled associations, méﬂ
associations are, m the present computer program, _Hﬁrmum_mn. w.m
made prowision in the memory structure for labeling, mmmmw.m
provision will be utilized to good advantage in the process of list
learning m free recall. We didi not prelabel the mmmoﬂwcomm.wwmmwmm
the information that would be contained in the E&wrnm establis mﬁ
prior to the experiment is not now used by FRAN in our free reca
experiments. She simply finds and marks any associations man.an
between list words, being indifferent to the type of relation she finds
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bridging list words. We will argue in the next section that it is an
empirical fact (although not @ priorz necessary) that the labelings are
irrelevant to almost all predictions one would want to make in the
standard free recall paradigm.

The memory structure chosen for FRAN in the simulation studies
1s less ambitious than our general theory in another way. Her
vocabulary totals oniy 262 words, all nouns. The associations
between words were chosen mainly by using dictionary definitions.
Whenever a word was involved in the definition of another, two
assoctations were created between the words, one in each direction.
Additional associations were added whenever it was thought that a
dictionary definition was deficient in some respect. We chose the
words under the constraint that the associative nctwork be
connected; i.c.. by chaming through associations it 1s possible to go
from any word to any other word. Hobbes observed that “the mind
can lead from anything to almost anything.” In FRAN’s connected
memory, the qualification “aimost” would nof be necessary. An
attempt was made to build in a number of superordinate concepts
and their instances in order to facilitate simulation of free recall with
categorized lists. In addition to the associations determined by these
considerations, each word was given two random associations. This
random component was an attempt to have FRAN’s memory mimic
some of the idiosyncratic information each § knows ahout the world.

Individual words are associated with as few as three or as many as
19 other words. The distribution of number of associations per word
15 given in Fig. 1. As can be seen, that distribution is quite negatively
skewed; while most of the words have three, four, or five
associations, the mean number of associations is 5.72. The words
with a large number of associations are names of ‘categories having
many instances. This particular distribution is stimply a consequence
of the constraints under which the associations were chosen. It might
seem that the particular associations chosen are irrelevant — that we
might as well have used abstract symbols instead of words and
imposed on these some artificial structure. However, we decided
against such a move and we think for good reason. The functional
consequences for free recall of various possible associative structures
are not at all understood. In order to bave a fair test of the model, it
1s necessary to begin with a graph structure that is as “humanlike” as
possible. It is not unreasonable to suppose that the procedures just
described did create a humanlike structure. It would be unreasonable
to suppose this about an arbitrary associative network, since we do
not understand the abstract structural characteristics ol the
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Fig. 1. Frequency of lexical items with each number of associations.

associative network that is human memory. Also use of mnmm&hﬁ_o«mm
makes possible a comparison of the ﬂnmw: ordering FRAN gives to
her words with the ordering human subjects give. Such comparisons
would constitute an interesting test of our assumptions about the
structure of human memory and the relation of that structure to free

recall.

B. THE SHORT-TERM STORE

The short-term store (STS) is an active subpart of the long-term
store (LTS), the particular subpart varying from moment to moment.
STS will denote that part of LTS which 1s currently in the focus of
the subject’s attention; i.e., it represents that part of w.mm knowledge
of which he is currently “conscious.” As in Norman's Boa&. the
sensory features of the word presented activate and bring into STS
the part of the associative structure nﬁﬁﬂ.ﬂm@cuﬁﬁm to that word. It s
assumed that STS has a small limited capacity of a few items.
Therefore, once STS is filled, the act of entering a new ilem
necessarily nvolves the loss of an old item from STS. The general
rule for removing items from STS s that the item removed will be
that one which has resided longest in the STS. Humans may be
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capable of more flexible control of their STS, and that is a potential
area for future development of the model. Items in STS have two
characteristics distinguishing them from the remaining items in
memory. first, the § has immediate access to the items in STS. Other
items in memory can only be accessed by chaining associatively from
those items to which the 8§ has immediate access. Second, it is
assumed that the structural elaborations that underlie *learning” are
made {0 any part of the associative network only while 1t is part of
the STS. The nature of those elaborations will be detailed shortly.

FRAN has been given a STS of five words. The decision is
somewhat arbitrary, but not-unreasonable in light of the literature on
short-term memory. What is meant by a STS of five words in FRAN
15 deliberately left somewhat vague. We occasionally want more than
just five words to be active since FRAN attempts to tag some of the
associations surrounding the word currently under study. This
operation is crucial because FRAN’s associative strategy requires that
she be able to tag associative paths between the words in 8TS as well
as to tag the words themselves.

We will now describe how FRAN’s memory structure 1s modified
dunng free recall learning. Any structural modification will
necessitate the development of new assoclations. Associations in LT8
express facts the person has learned about the world. Therefore, we
assume that in free recall learning the structural modifications must
be encodings of (reflections of) experiences of the § during the
experiment. In particular, we shall assume that most of the
associations developed during free recall record that individual words
or individual associations between words were encountered during
the experiment. The recording of such facts involves the
development of two different types of assoclations: one type of
assoclation goes from an individual word to a hypothetical entry
called the “LIST-N" marker, where N=1, 2, 3, ... indexes the
ordinal number of the list being learned m the experiment; the
second type of association goes from an assoclative pathway
{between two words A and B) to the LIST-N marker. This second
type is an association that serves to label another association, and is
the kind which traditionally S-R associationists have not used in their
theonizing. But it is indispensibie to FRAN’s operation, since tagging
assocrative pathways with LIST-N is the only way FRAN has of
directing her search of memory at recall.

LIST-N is a hypothetical element introduced into LTS to index or
stand for particular lists of words used n an experiment. The LIST-I,
LIST-2, etc., entries may in fact be number words like “first,”
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“second,” or they may be different contextual cues that the person
noticed or thought of during presentation of the separate lists. For
brevity in the following, we will usually refer to the development of
such indexical associations as “tagging” or “marking” the individual
word or the associative pathway. It should be noted that tagming of a
word establishes a one-way association from the word to the LIST-N
marker and not vice versa. The reverse association, from LIST-N to a
word, is rare, characterizing only those special words which serve as
recall starters. These special words which are associated to the list
marker are said to comprise the ENTRYSET, to be explaned later.

Tagging with a list marker is assumed to be a stochastic process;
specifically, the probability of successful tagging is cxponentially
related to the duration of the item in STS. The probability of success
is described by the formula 1-a?, where T 15 the time in seconds
that the 1tem is in STS and a 15 a sort of “‘learning-rate” parameter
that is allowed to vary from experiment to experiment. It may be
that the processes underlying tagging are basically deterministic, but
having no good ideas about them we will summarize the whole
process with a probability. ) ,

The reader may proceed on the assumption that if a word is
tagged, it very probably would be recognized as a list word from
among a set of distractors on a later recognition test. Because of the
necessity of handling false alarms or considering sophisticated
guessing strategy, the actual model for recognition-test performance
must be somewhat more complex than simply checking for presence
or absence of an all-or-none list tag. This more sophisticated
recognition model, developed along lines suggested by wogwwnw
{1967), will be discussed and used to interpret recognition results in
Section IV, F of this paper.

I1L. The Associative Strategy

A. A VARIETY OF POSSIBLE STRATEGIES

There are many conceivable strategies for doing frec recall. While
many Ss report using a strategy similar to that we have called
associative, we have found a few Ss who reported very different
strategics. Consider some of the spontaneous strategies that we have
learned from postexperimental interviews with Ss: ,

(1) One S decided to study only every other word m an attempt
to reduce memory load and focus attention on a subset of the list.
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(2} Another § formed one image linking together the first three
words he studied, another image linking the next three and so on. In
recall he attempted to retrieve these images of triplets.

(3) A number of §5 have attempted to do free recall (usually just
the first trmal) as a serial learning experiment, rehearsmg serial
linkages in STS.

(4) One § tried to organize his list alphabetically, associating each
word with its first letter, then cueing recall by reciting the alphabet
to himself.

(5} One § learned the list by paired-associate means, associating
each word with a person he knew at Stanford by means of an image.
Then, in recall, he ““mentally walked aiong” a predetermined path
through the campus and recalled the words as he met the people he
had used as stimuli for the paired-associate task.

The last § 1s myself. My method is only a variant of the “method
of loci” or method of mnemonic pegwords (see Bower, 1970). It is
the optimal free recall strategy, far superior to the others mentioned
including the assoctative strategy adopted by FRAN and by most of
our 5s. It would not be too difficult to reprogram FRAN so that she
used the mnemonic pegword strategy. By so doing we would make
her a more efficient {ree recall learner — roughly speaking, because the
pegword strategy avoids the loss of access to associative clusters of
words as does happen with the associative strategy. In any event, we
have run FRAN on free recall with an associative strategy in the
belief that this simulates how most of our Ss are learning free recall
lists most of the time.

In free recall learning, when presented with a word to study, most
of our Ss seem to just “let their mind wander” (their expression) or
“free associate to the word.” Inevitably, they associate a word they
are studying to another word from the list. Our Ss soon recognize
that associating together words from the list is a powerful strategy in
that a few words recalled from the list can serve as retrieval cues
for recall of all the words associated to the first words, then all the
words associated to these associates, and so on recursively. Once the
value of this associative strategy is understood S5 make more
deliberate use of it. FRAN is a model that attempts to simulate the §
when he has adopted the associative strategy unstintingly. Thus,
comparison of her output to that of Ss 1s'only fully valid when the Ss
commit themselves to this free recall strategy from the outset of
learning the list. One way to increase the chances that Ss will start
with such an associative strategy 1s to mform them prior to learning
of the utility of this strategy, as we sometimes do with our §s. For
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instance, m the experiment reported-in Section IV,B we instructed
our Ss to use the associative strategy.

Note that it is a characteristic of the associative strategy that the
particular labels of the associations {i.e., the types of associative
relations) are umimportant. Therefore; the associations have not been
prelabeled m FRAN’s current memory structure. Some plausible
alternative strategies for free recall would require the mformation
provided by labeled associations. For instance, if an § eiected to only
associate list words with their superordinates, then he clearly needs
this relational nformation to guide his search. Such a strategy is
probably quite efficient when the list has been explicitly organized
into categories. Evidence presented in Section IV,E indicates that Ss
do deviate from the general assoclative stratcgy when the list has
been organized into categories.

It is our position that no matter what free recall strategy an §
adopts, (e.g., associative, pegword, superordinate category) it could
be implemented by the mental mechanisms described m Section IL
Different strategies correspond to different configurations of the
mechanisms. In this section we shall describe the organization of the
mental mechanisms underlying the strict associative strategy. At
present writing, FRAN is unlike people insofar as she always uses this
associative strategy for doing free recall. This is unobjectionable so
long as we are comparing FRAN’s behavior to that of college student
Ss doing “standard free recall” with unrelated word lists, since 1t is
our conjecture that most of our Ss eventually stumble upon the
associative strategy for learning such lists. Where the strategy
variation becomes problematical is when we try to fit FRAN to
experiments deviating in certain ways from this standard testing
ground (e.g., use of categorized lists or hierarchically organized lists}).
The unique manipulations of such ecxpernments may lead Ss to
abandon the associative strategy 1n favor of others, like
superordination, which the current FRAN does not pretend to
simulate. A quamtly academic question is wiether a model which
simulates learmng under strategy A can be faulted for misfitting
results of experimental conditions that induce Ss to use alternative
strategies B, C, or D. For our own purposes, we have found FRAN's
behavior in such ‘“nonstandard” experiments to provide a firm
anchor, standard, or reference point useful for giving contrastive
descriptions of the behavior of humans. By assessing FRAN’s
deviations from the data, we may gain nsights into limitations of the
associative strategy as well as noting what strategies people do adopt
in these sifuations.
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B. THE STUDY PROCESSES

During study, FRAN is occupied with three separate jobs in
pursuing her associative strategy: these arc the tagmng of words,
searching out and tagging of associative pathways between list words,
and updating of good recall “starters” in ENTRYSET. We will
elaborate on each of these processes.

1. Word Tagging

Whenever FRAN enters a word mnto STS an attempt will be made
to tag that word as a word tc be later recalled. FRAN will enter a
word mto STS if it has been presented for study or if it 15 found to
be an associate of a word that has been presented for study and
it is recognized as a member of the list under study. The probability
of tagging a word that resides in STS for T seconds is 1-27. Since
FRAN will attempt to tag any word entered into STS, she is
restricted to only entering those words which are from the list. If she
were to enter nonlist words into STS she might wrongly tag them as
list members. Apparently human Ss can enter nonlist words into
their STS without tagging them, since this is what charactenizes the
superordination strategy which uses category labels as entry words
for cueing recall even though these labels are not overtly recalled.

2. Association Tagging

The second process involves the examination of the associative
surround of the word under study to see if there are any other list
words to which it may be associated. It is difficult to determine how
rapidly FRAN should cxamine associates of the word under study.
One obvious assumption is that FRAN should study a constant n
associates for each second of study time. However, arguments may
be given for the alternative assumption that FRAN should examine
assoclates at a decreasing rate over time. For one thing, as FRAN
exhausts the first-order associates to the word being studied and
resorts to second-order {i.e., assoctates of associates of the target
word) and higher-order associates, it should take longer to find them.
Also, there should ideally be some “processing capacity” trade-off
between the number of associates FRAN finds and tries to tag versus
the rate at which she continues her search for new associates. The
formula that has proven uscful in our simulations is N = 5 + T, where
N is the number of associates examined in time 7. Our interpretation
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of this formula 15 that within moments after exposure to the word, a
rush of five associates comes to mind, but thereafter new associates
are examined at the slower raie of one,per second. This particular
formula is highly dependent upon the fact that FRAN has only 262
words In her memory. We suspect that with a larger network, the
search rate would have to be increased if FRAN 1s to maintain an
accurate simulation of human recall results.

FRAN selects assoctates to examine in the following manner: she
randomly selects one of the associates of the word she is currently
studying. If she has already examined 1t {this 15 indicated by a
temporary ‘““check mark”™), she randomly selects one of its associates,
if that second-order associate has also been examined, she randomly
selects one of its associates. This recursive process continues until a
word 1s found which has not yet been examined. This random search
may be viewed metaphorically as a blind excursion into the
associative vicinity of the word bemng studied. That excursion is
brought to a halt when something new {unchecked} is found. She
will usually halt after one or two “steps™ from the target word.

After finding a word that she has not previously examined during
the current search, FRAN then checks to see if it is from the kst she
is studying. The word 1s identified as from the list if it satisfies at
least one of the following three criteria: {a) it Is currently in STS; or
{b) it has been successfully tagged with an assoclation to LIST-N; or
{c} it is currently a member of “ENTRYSET.” As will be detailed
later, ENTRYSET 1s the subset of those list words which have
become directly associated to the list marker.

If the word associate being examined fails all three of these critera
and therefore is not recogzed, this examination ends with a failure,
and FRAN returns to the target word being studied and commences
another search out from this target. If the associate being examined
1s recognized, it is entered into STS. Consequently, another attempt
15 made to tag this associate. It may not have been previously tagged;
FRAN could have recognized the word on the basis of iis
membership in ENTRYSET or STS. FRAN also attempts to tag the
pathway she has found from the target word studied to the associate.
Since FRAN’s associative structure is symmetric, a path also exists
from the associate to the studied word. An attempt is made to tag
this backpath also. In the recall phase of the experiment, FRAN will
use these marked associative paths to profitably guide her search for
words in the list.

If the associative path FRAN has found between two list words
involves several links, then she will try to tag each of these separate
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links. The tagging of each association is a probabilistic process
mdependent of the tagging of every other association in the path. In
the formula for tagging probability, 1-a7, T will equal the time to
study the presented word minus the time taken to find the associate.
Even after finding and tagging a list associate, FRAN will continue
looking for new associates for the word under study until she runs
out of time or until the five slots in STS have been filled by the word
under study and 1ts associates.

We can make more understandable this process of searching the
assoclative surround of a word for other list words by relerence to
Fig. 2. The word A4 i that figure 1s under study for one second.
According to the formula relating number of paths examined to
study time, FRAN will examine 5+ T or six associates. The six
panels of Fig. 2 each describe one of the six paths examined by

Fig. 2. A possible scarch of the memory structure surrounding Word A durng
study. See text for explanation.
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FRAN, the path under examination being indicated by a solid line in
the appropriate pancl. FRAN randomly selects an associate of 4 and
cxamines it. If it has been examined [as in the case of panels {c), (¢},
and (f)] she randomly selects a seccond-order associate. In panel (f),
that second-order associate had been previously examined in panel
(e). Therefore, mn pancl {f) FRAN looks at a third-order associate.
The solid nodes 1n the figures indicate words FRAN can recognize by
one of her three critena for word recognition. When she encounters
such a word during search {as happens in panels (b}, (¢}, and {¢}] she
would enter that word mto STS, attempt to tag the word and the
pathways in both directions between 1t and the target word, 4. Such
tags are indicated by X's in Fig. 2. The X’s in panels {a} through (¢}
mdicate paths and words tagged prior to this study trial on word 4.
The new X’s added by panel {f} indicate tags that were developed
during the study of A. Since tagging is a probabilistic event, FRAN
does not succeed In tagging all the words and paths she tries to tag.

For simplicity, it is assumed that FRAN will be busy tagging a
target word, its associates, and the paths between them only when
that word is under active study. As soon as a new word is presented
for study, ali this activity swrrounding the previous target word
ceases. However, the word and its associates may reside in STS for
some time after a new word comes under study. Two reasons
motivated this decision to restrict the tagging period. First, in
recorded imntrospections, our Ss appearced to stop thinking about the
former word and its associates when a new word was presented.
Thus, it seemed natural to assume no further modilications were
being made to this part of LTS although 1t was still part of STS.
Secondly, the computational task of determmning the probability of
tagging a word or associate 1s much reduced if the duration for which
the tagging will be attempted is known at the outset of the tagging
process. This duration can be determined only if 1t 1s known in
advance when the tagging process for a given target word will
terminate,

3. Selection of Entry Words

The third and final process i which FRAN 1s engaged during
study 1s the creation of ENTRYSET. This involves the selection of a
limited number of “entry words” into the network which can serve
as nitial words from which FRAN may chain associatively during
recall. In the program, words in ENTRYSET are those which have an
association from the LIST-N marker. It 1s assumed that the number
of words which can be associated in an experiment 1s very limited —
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specifically three. It 1s also assumed that the ENTRYSET is
composed initially of the first words seen. Thereafter, changes in
ENTRYSET involves replacing present members by new members. A
member of the ENTRYSET will be replaced under two conditions:

1. If an item appears that is perceptually more distinctive than
any current member of the ENTRYSET, the distinctive item may be
put on the ENTRYSET, While we thus acknowledge in theory a Von
Restorfl effect and effects of instructional emphases, the LISP func-
lons to simulate this feature are not implemented, FRAN is not a
model of perceptual processing and has no way to determine if one
word 1s perceptually more distinctive than another. This is another
area for future development of the model.

2. FRAN has certain crude heuristics for determining during
study which words are more central in the list; that is, for selecting
those list words which lead associatively to the most other words
from the list. Whenever a word is found which is more central than
another in the ENTRYSET, the old one is deleted and the new one is
added to ENTRYSET.

Thus, the three words in ENTRYSET constitute intuitively a very
rough description of the entire list — its unique perceptual features
and the major associative clusters in the list. Subjects commonly
make remarks suggesting this ENTRYSET assumption. In rational-
1zmg why they group words together, Ss often say something on this
order: “I can only remember a few things at once. So I tried to
reduce the number of things I had to remember.” The concept of an
ENTRYSET 15 one explication of what Ss mean by this remark. The
principal motivation for ntroducing an ENTRYSET in the model
was the belief that recall would be quite unstable and variable if the
only way of accessmg LTS was b2’ random entry or with the words
that happened to be in STS at the beginning of recall. It was felt that
recall would proceed well only if FRAN had some way of directing
her search to the relevant parts of LTS.

C. THE REcALL PROCESSES

In recall FRAN is simultaneously engaged in two processes:
recalling list words and studying the words she is recalling.

1. The Recall Algonthm

FRAN., is first of all, engaged in recalling the list words. FRAN
always begins by recalling those words to which she has immediate
access, viz., those in STS. Available evidence indicates that humans
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usually begin by recalling the current contents of STS. At the end of
list input, the contents of STS are the last one to five items in the list
and some of their associates (total sum is five). Postman and Keppel
(1968) and Shuell and Keppel (1968) both report that Ss tend to
recall first the last items studied. This output strategy accounts for
the well-known recency effect, viz., that items presented in the last
few input positions are better recalled than earlier items. Interfering
tasks interpolated between study and recall eliminate this recency
effect (Glanzer & Cunitz, 1966; Postman & Phillips, 1965). This
effect is predicted by any model which assumes that the effect of
such interfering tasks is to remove from STS the words filling 1t
immediately at the end of the study trial.

FRAN uses these words from her STS and those from her
ENTRYSET as retrieval cues or points at which to enter LTS. From
these points she chans along the associative paths she has marked
out during study. FRAN’s memory may be represented by a
symmetnc connected graph like Fig. 3. As a consequence of study,
certain words and assoclations have been tagged, and these are
marked by X's in Fig. 3. In this way FRAN has marked out a
subgraph as relevant for recall of this particular list. The subgraph

LIST—~ N
MARKER

Fig. 3. A hypothetical memory structure that rmght exist after a study phase.
See text for explanation,
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marked out n this hypothetical case is given in Fig. 4. The subgraph
need not be connected nor symmetric as was the original graph.
Several entry points into the subgraph (i.e., words in ENTRYSET
and the initial contents of STS) are available; in Figs. 3 and 4,
arrows lead to these entry words. Any part of the subgraph that is
not strongly connected {i.e., by arrows in the correct direction) to an
entry peint will not be recalled since FRAN will only examine that
part of the subgraph which she can reach by following marked
associative paths from the entry points. Therefore, although words H
and J are marked in Fig. 4, they will not be recalled. FRAN also will
not recall a word unless she can recognize it as from the list (she uses
the same three criteria for word recognition as in study). Therefore,
although the word C is part of the strongly connected subgraph, it
will not be recalled. FRAN regards such words as mediztors in an
associative chain. In the case of C, 1t mediates recall of the marked
word G.

We have defined which words FRAN will recall; we will now
describe the order in which these words are recalled. FRAN searches
the subgraph by randomly selecting one of her entry words and then
scarching that part of the subgraph that can be reached by following
associtattons in a depth-first manner. Depth first means that FRAN
will completely search a left-going branch of a node before scarching
any other branches that may lead from the node. It was trivial to

X

Fig. 4. The marked subgraph that is embedded in the memory structure of
Fig. 3. See text for explanation.
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define what was meant by “left-most” in FRAN's LISP memory
structure. However, it is another matter to say what Is meant by
“left-most™ 1 a human structure. Perhaps, it 15 the assoctation that
has the most distinctive tag. ’

FRAN leaves a temporary marking on every word encountered
during her search. Occasional failure at temporary marking,
something not possible m the current implementation of FRAN,
would explain why some Ss repeat 1tems during recail. After FRAN
recalls all words she can by following associative paths from one
entry word, another entry word 1s randomly chosen. This process
continues until FRAN has recalled all the words that can be reached
from her entry points. Thus, the order of recall is partly determined
by the random selection of entry words and partly by the associative
chains cued off by these words.

it might be thought that, having searched the part of her memory
accessible from her entry words and still having more to recall,
FRAN might sct out and start randomly searching her memory for
tagged words like H and J. The problem is that if FRAN is to have
any reasonable chance of finding such lost words, she must be
prepared to search a large portion of her memory. With a human,
although not with the current implementation of FRAN, that would
invoive search of thousands of words. Moreover, assocliative memory
15 badly organized for an exhaustive search, and it seems certain that
there would be a tremendous amount of looping in which the
organization of memory would “conspire” to bring one back again
and again to the same v_mnm without breaking out into new regions of
memory. This difficulty is just what FRAN’s memory strategies are
directed against, i.e., these strategies constitute an attempt to build
up a structure that will lead to the relevant parts of memory and
avold time-consuming random searches. It may well be that the
human does recall an occasional word by something analogous to a
random search, but we hold that, overall, this possibility 15 not
important.

From this description of the associative retrieval process, only a
small thecoretical step 1s required to handle latencies and
interresponse times (IRTs) i free recall protocols. The general
characterization of the sequences of IRTs (cf. Pollio, 1968) is that
there are “bursts” of two to seven items recalled with short IRTs
followed by a longer IRT pause, then another burst of responses,
another pause, etc. The items within a burst tend to be those which
the § has grouped together in a “‘subjective unit.” The pauses
between successive recall bursts grow progressively longer as though
Ss were exhausting the accessible units in memory.
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To coordinate FRAN’s retrieval concepts to this IRT description,
a “burst of responses from a subjective group” corresponds to
FRAN’s recalling all items accessible from a given starter {taken
either from the initial contents of STS or ENTRYSET). Assume that
the retrieval-search process operates rapidly m this respect, following
tagged associative pathways out {rom the starter word and from
intermediate items recalled. By definition, the final word in such an
associative recall chain s one from which extensive searching turns
up no new tagged pathways or tagged items, so it 15 followed by a
silent “deadtime.” After such fruitless searching, FRAN then gives
up on the final item of a given chain, and goes to fetch the next
starter item from the mitial STS or ENTRYSET, entering it into STS
as the target for beginming another assoctative search. As a
consequence of these several operations, FRAN would have relatively
tonger IRTs between “groups” that within groups of items. The fact
that between-group IRTs grow progressively longer as the memeory
store 15 exhausted may be coordinated to the following facts about
FRAN’s operation: first, the items in STS may be recalled first with
extreme rapidity, yielding short IRTs at the beginning of the
protocol; second, the sclection of a new starter cither from
ENTRYSET or earlier STS items may be governed by a “sampling-
with-replacement” scheme (with editing and rejection of previously
used starters). This means that the more entry words that have been
used on a trial, the longer it will take the Executive to find another
entry word it has not already used on this trial.

These several ideas about retrieval IRTs in free recall need further
specification of details and implementation in the program. This is
possibly a frutful line for development of the model, since clearly
the structural assumptions made above already suffice to explain the
main features of free recall IRTs.

2. Learning dunng Recall

1t 15 assumed that when FRAN recalls a word, she also studies it
for a pertod of two seconds. Therefore, whenever FRAN recalls a
word, at the same time she enters the word into STS and attempts to
iag it, searches 1ts associates for other list words, tries to mark the
paths to and from these words, and tests to see whether she can place
a more central item on ENTRYSET. Although a study time of two
seconds was arbitrary, when a word 1s recalled the § clearly does have
an opportunity to study it. The sole difference between seeing a
word in study and seeing it in recall is the agent responsible for its
presentation. There is no reason to assume that this difference should
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affect how the § reacts to the word. The fact that FRAN 1s
simultancously studying while she is recalling implies that the
subgraph to which she has access from vna entry points {e.g., that in
Fig. 4) does not remamn constant during recall.

This concludes the description of ‘the processes which occupy
FRAN durmng recall. The study and recall processes may be
repeated any number of times and in any order. Improvement in
recall with repeated study and recall trials 1s due to two factors.
First, with later repetitions FRAN has further opportunities to
successfully tag words and their interassociations. Second, the
composition of ENTRYSET becomes more and more optimal.

The reader will note that several parameters control the model’s
processes. All but one parameter are held constant in the simulations
to be reported in the next section. The constant parameters are: the
size of STS, equal to five words; the size of ENTRYSET, equal to
three words; the formula 5 + 7, relating the number of associates
examimed to the time 7T for study of a target word; and the study
time for words recalled in the test phase, equal to two seconds. In
addition, the assocative structure of LTS constitutes a constant
parameter of the simulations. The single variable parameter 15 g, the
probability of not tagging a word in a sccond’s worth of trymg.
Presumably, this parameter should also be constant from experiment
to experimen: for the same Ss. However, because FRAN’s
memory structure 15 very much smaller than that of 2 human, we
have let 2 vary across experiments as a “'slop factor” to take account
of the possibility that the exact mteraction between the
experimental paradigm and memory structure may not be identical
for FRAN and humans. By raising or lowering ¢ for a simulation, we
only change the overall level of performance and we do not alter any
of the within-experiment comparisons that we wish to make.
Consequently, the fact that FRAN performs at about the same
overall Ievel in any experiment as do humans should not be taken as
a significant result. The more discriminating test of the model is
whether the within-experiment comparisons of human performance
are reproduced 1n the simulations.

1V. An Evaluation: FRAN v»s. the Humans

A. EVALUATION STRATEGY AND PRELIMINARY DETAILS

The test of our model is whether it can simulate, at least
qualitatively, the effects of various experimental manipulations in

FRAN: A Simulation Model of Free Recall 330

free recall. Several such simulations are reported in this section. An
unfortunate practical limitation on this research is that FRAN has
become a very expensive S from whom to gather data. For
example, in compiled form, in a partition of the IBM System 360/67
that has 700,000 bytes of core, it requires about three seconds of
CPU ume to run one input-output cycle with one simulation § on a
list of 30 words. This long time is due to the mherent slowness of
LISP and our extensive use of randomization functions (e.g., for
simulatimg tagmng probabilities). Although three seconds may appear
brief to some readers, it in fact represents a tremendous amount of
computing for a 360 machine; and the three seconds per S per trial
mounts rapidly as we simulate up to eight conditions in a given
experiment, each condition with 10-20 Ss who are run perhaps five
irials.

To make very accurate statements about what our free recall
model predicts for a paticular experiment would require
prohibitively long and expensive computer runs. Therefore, in the
following experiments only a small number of simulation 8s
have been run for any condition. These artificial 8s produce a recall
data differing quite a bit from one § to another; the variability is
caused by list randomization, by randem search activities, and by the
stochastic tagging operations. Consequently, FRAN’s data are subject
to random fluctuation as are average data taken from a small number
of Ss.

Furthermore, simulation data have been obtained only for a singie
choice of parameters. It would be exorbitantly expensive to map out
all possible parameter combmations and then te report that one
yielding the best-fitting Monte Carlo data. For this reasonm, the
following simulations give us a good idea of the character of the
model’s predictions, but the predictions can in no sense be construed
as “‘theoretical best fits.”

A few remarks are appropriate regarding our theoretical strategy.
We take 1t for granted that a model like FRAN in s imitial
formulations will be wrong m some details. The strategy for scientific
progress, then, is to try to pinpoint those inaccuracies. Hence, we
tend to focus attention and discussion on FRAN's failures rather
than her successes. By minimizing and by playing down those details
which FRAN fails to match in human behavior, the model could
have been presented in a more favorable light. However, our concern
1s not with propaganda but with understanding human performance.
Because we understand FRAN’s behavior, those aspects of human
behavior which she matches are not so interesting as those aspects
which she cannot match.
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B. STANDARD MULTITRIAL FREE RECALL

The following experiment was designed to obtain data to evaluate
FRAN. Eighteen Stanford students participated for one hour in the
experiment for a wage of $1.75. They were tested in groups of from
one to seven. Three different lists of 32 words were used. They had
been selected from FRAN’s vocabulary randomly except that no two
lists contained any words in common. The words were typed on
slides and presenied to the Ss by a slide projector at the rate of two
scconds per word. Immediately after studying a list, the Ss had three
munutes to recall the words they had just seen. Such study-recall
cycles were repeated five nimes for a given list of words, with the
word order being rerandomized on cach study trial. Each § learned
two of the three lists over the experimental session. With 18 8s each
studying two lists, there were 36 recall protocels n all,

The Ss had been miormed ahead of time about the utility of an
associative strategy like that adopted by FRAN and were instructed
to restrict thewr recall efforts to such a strategy. That 1s, they were
told that during study they should only look for conceptual relations
between the words in the list and during recall they should use these
relations to chain associatively through the list. As noted earlier,
some Ss spontancously adopt quite different strategies, and, while
most Ss adopt strategies very similar to FRAN's, it is usually not
until some point after the beginning of the expenment that they
completely take up the associative strategy. We wanted data
representing use of the associative strategy n a pure form over all
trials of the experiment. In postexperimental mterviews, our Ss
unanimously reported that they had no difficulty using the
assoclative strategy as instructed; they also thought it was very
useful. While instructing Ss to use an assoclative strategy provides
data less ‘‘contaminated” by random strategy variation, 1t
complicates interpretation in a different way. To defend the
assertion that FRAN is a plausible model of standard multitrial free
recall, it 1s not enough to show that her behavior matches that of the
humans in this experniment. It may be that, all our introspective
reports to the contrary, the learning strategy spontancously adopted
by most Ss 15 not associalive. Therefore, 1t should be shown that the
data gathered from our Ss are similar to that gathered from Ss not
instructed to use a particular learning strategy. We attempt to do this
by accompanying our data with references to similar data in the
literature.

From FRAN we also have 36 recall protocols. Each §’s exact
sequence of presentation of words was simulated in one of the 36

s
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computer runs. The value of the parameter a was set at .55 for these
simulations,

1. The Mean Learning Curve

A comparison of FRAN’s learning curve with that of the humans
1s shown m Fig. 5. FRAN’s mcrease in recall across trials very closely
parallels that of the human §s. On cach trial FRAN’s recall 1s slightly

30}~

NUMBER OF WORDS

i ] 1
| 2 3 4 5

TRIAL

Fig. 5. FRAN and human Ss compared with respect to mean number of
words recalled s a function of trial,

iess, but this discrepancy could be reciified by a Iower value of the
parameter a. In summanzing a considerable quantity of data,
Murdock (1960) concluded that the free recall learning curve was
cxponential with an asymptote equal to the number of words in the
list. This descnption characterizes the learning curves of both FRAN
and the humans quite well,

2. Recall Conditional on Prior Recall or Nonrecall

The success of FRAN in matching the overall recall performance
of Ss hides one important difference that appears in Fig. 6. Figure 6
depicts, for FRAN and for our Ss, their success in recalling a
particular word conditional upon whether they had recalled that
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word (R) or not {N) on the previous trial. The points plotted .mo.a
Trial 1 are just the unconditional maomumvmmmnm of recall for that trial.
The humans and FRAN are quite clgse for the curves labeled
P(R,;|R;_1), the probability of recall conditional on Hnnmm on the
prior trial. FRAN is somewhat better, probably reflecting her greater
efficiency in searching her marked subgraph. Human Ss may

P{Ry R, )

LODO- -
o
-
Ty .800p —
<€
9
L
& gooj- -
=z
2
= .400- .
i
o e FRAN
o
& e A e~k HUMANS -
g =00
o

1 H 1 1 1
3 z 3 4 5
TRIAL

Fig. 6. FRAN and human Ss compared with respect to mean proportion of
words recalled () conditional on recall {Rp—1) or nonrecall {(Ny..;) on the
previous trial.

occastonally “forget” to check a word for associates leading from 1t,
which 15 a failing that FRAN currently does not have. It would be
trivial to introduce this into the program as random noise 1n w.nmﬁm,..&.
Therefore, the slight discrepancy in P{R,IR,..j) 1s not considered
SET10oUs. N ) .
The much greater and theoretically more significant discrepancy is
between the curves labeled P(R,, IN,_1 ), the probability of recall of a
word conditional on ils nonrecall on the previous trial. Human Ss
show a consistent increase across trials in thewrr probability of
recalling words missed on the previous trial; FRAN does not. The
hardest words for FRAN to recall will be those that are “farthest
away” from the rest of the words {where distance in the network 1s
measured by the number of links intervening between two nodes).
FRAN’s study strategy, which mechanically allocates just two
seconds study time to each word, will be nefficient in learning these
“distant™ words. Obviously these distant words constitute a H.mmmﬂ.
proportion of nonrecalled words on later trials, and hence contribute
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morc on later trials to the curve labeled P(R,IN,_; }. Therefore, 1t is
not too surprising that FRAN’s recall of these words does not
ncrease across trials. The reason that it does not show a monotonic
decrease is that there are compensating factors such as {a) the greater
probability that on later trials the words will have been tagged and
hence recognized, and (b) the more efficient organization of the
marked subgraph which makes possible the freeing of room in
ENTRYSET for adding. a new word which accesses new parts of
memory. Since FRAN’s memory is connected, even “distant” words
will be eventually linked into the accessible subgraph and hence will
be recalled.

For humans also, the curve, P(R; [N;..;) should have a greater
proportion of difficult words as the experiment progresses. Why,
then, do Ss show 2 monotonic increase i their ability to recall words
previously not recalled? We think it 1s because human Ss adopt the
strategy of giving special attention or special processing priority to
these difficult words. This supposes, as seems plausible, that Ss can
discriminate between easy (recalled) versus difficult (nonrecalled)
items on a subsequent input trial. As one strategy, Ss could give extra
time to studying the difficult words at the expense of temporally
adjacent items that arc already well learned. Another strategy would
be for the § to keep the difficuit word in STS from the time it is
studied until the time recall is mitiated and, then to output that
word immediately.

If Ss were using this priority rating to replace items in STS, one
would expect a greater than chance proportion of previously
nonrecalled words to be recalled in the early part of the Ss’ output.
This priority effect has been found in several recall experiments
(Battig, Allen, & Jensen, 1965; Battig & Slaybaugh, '1969). There was
a similar tendency n our experiment for those words omitted on
Trial 4 then recalled on Trial 5. Of those items that were not recalled
on Tral 4, were presented in the first half of the input list on Trial 5
and were recalled on Trial 5, 62% were recalled in the first half of the
output protocol. Of previously omitted words presented in the last
half of the Trial 5 mput and then recalled, 67% were recalled in the
first half of the output protocol. The chance expectation for these
percentages, given a randomly selected output order, is 50%, so the
data show a tendency toward early recall of previously unrecalled
items. On the other hand, FRAN shows just the opposite result, with
corresponding figures of 17% and 40% for proportion of words
recalled in the first half of the Trial 5 protocol given that they were
not recalled on Trial 4 and were presented in the first versus second
half of the Trial 5 input list.
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The reason that FRAN's percentages are below chance is that
recall of a previously unrecalled word often depends on use of a
single entry word that was added during the just-prior study trial.
Late in learning the marked subgraph will have become so
interconnected that most words in the subgraph will be connected by
marked pathways to most other words. Therefore, if any other entry
words are used before the one leading to the few nonrecalled words,
those other entry words will probably lead associatively to the recall
of most of the list before the new 1tem is recalled. With eight entry
words {five from STS and three from ENTRYSET), the probability is
.88 that the first entry word chosen Is not the one that leads to the
recall of the previously omitted word. As a consequence, recall of
these newly appearing words tends to be postponed until a late
position in the recall sequence.

3. Analysis of Complete Sequences

A more complete analysis of the changes in recall across trials is
given in Table I which presents the frequencies of the 32 possible

TABLE !

Frequencies of the Various Combinations of Recall and
Nonrecall across Trials

Events FRAN Human Events FRAN Human
NNNNN 59 4 RINNNN 8 i
NNNNR 29 14 RNNNR 1 1
NNNRN 4 9 RNNRN 0 0
NNNRR 66 35 RNNRR 4 24
NNRNN 9 H RNRNN 2 2
NNRNR i0 23 RNRNR 0 5
NNRRN 0 6 RNRREN 0 2
NNRRR 148 115 RNRRR 22 46
NRENNN B 3 RRNNN i 2
NRNNR 9 6 RRNNR 0 3
NRNRN 2 6 RRNRN 0 3
NRNRR 6 37 RRNRR 8 21
NRRNN i 3 RRRNN 0 4
NRRNR 6 24 RRRNR 4 17
NRRRN 0 11 RRRRN 0 B
NRRRR 305 2856 RRRRR 448 430
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recall sequences for a word over the five trials. In Table I, R stands
for recall and N for nonrecall, so that RRRNR denotes recall on
Trials 1, 2, 3, 5 and nonrecall on Trial 4. For both FRAN and human
Ss, there were 1152 observations (32 words times 36 recall
protocols).

Careful inspection of Table I reveals no glaring discrepancies
between the two sets of data beyond those noted in conjunction
with the P(R,IN,_;} curves in Fig. 6. The correlation between the
frequencies of the various sequences for FRAN and for human Ss 1s
.885. Therefore, il FRAN's {requencies had been used to predict the
frequencies of the various events in the human data, FRAN would
account for 97% of the variance. This “‘variance accounted for” is
high despite the P(R,iN,1) discrepancy because the latter statistic
involves only a small percentage of the sequence data in Table L
Hence, one may justifiably point to the recall sequences m Tabie I as
evidence that the major processes underlying free recall are being
modeled, at least approximately, in FRAN. However, sufficient
discrepancies exist to conclude that humans are capable of some
complexities (e.g., giving priority to difficult items) which the
current FRAN does not mimic.

4, Sertal Position Curve

Another companson of FRAN’s performance with that of human
Ss comes from examination of serial position curves, relating recall
probability to the ordinal position of an item in the input list. Figure
7 illustrates a companison between the serial position curves of
FRAN and our Ss. The two sets of curves are quite similar to each
other and to those reported in the literature {e.g:, Murdock, 1962;
Shuell & Keppel, 1968). Both the humans and FRAN show a
primacy effect for the initial four words but only on the first trial
The primacy effect in FRAN is caused by the fact that ENTRYSET
1s composed nitially from the first words seen in the experiment. As
a consequence, these first words have a good chance of being m
ENTRYSET or retrievable from another word in ENTRYSET at the
time of recall.

Both FRAN and the humans show a recency effect on all trials for
the last four words. FRAN’s recency effect 1s more pronounced than
that observed in this experiment. The recency effect in FRAN is due
to the fact that, at the beginning of recall, STS is composed of the
last few words and their associates, and these items are sure io be
recalled. The magnitude of the predicted recency effect could be
easily reduced by decreasing the size of STS from its current
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Fig. 7. FRAN and humans compared with respect to recall as a function of
serial position of the word in the study sequence. Data for Trials 4 and 5 are
pooled.

arbitrary size of five. Similarly, recency effects depend on a
particular output strategy, of recalling items from STS before moving
to those cued from ENTRYSET. Not all naive Ss usc this output
strategy initially, though they tend to adopt 1t as they become more
practiced on free recall tasks. If this were true, then the average curve
for humans, pooling across different output strategies, will show less
of a recency effect than does FRAN which always uses the “last in,
first out” recall strategy. For such reasons as these, we do not consider
the differing magnitudes of recency for FRAN vs. our Ss to be a
serious shortcoming of the model.

Except for the primacy effect on Tnal 1, both the humans and
FRAN show on all trials a stable level of recall for items preceding
the last four recency items. While our assumptions regarding the use
of STS and ENTRYSET can be seen intuitively to lead to a primacy
effect on the first trial only and a recency effect on all trials, it might
not seem obvious that FRAN would yield a constant level of recall
for the remaining serial positions. All of thesc middle words have an
equal probability of being tagged with a list marker; furthermore, it
also appears that they would all have an equal probability of being
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tied into the accessible part of the subgraph and hence retrieved
during recall. On Trial 1, words studied early in the list will have the
advantage of being searched for from more words, while later words
will have the advantage of there being more tagged words to search
for when they are studied. These two factors manage to nicely
balance out; it can be proven that the expected number of associative
paths that will be tagged to and from a given word 1s the same for all
serial positions.

5. Input-Output and Output-Output Correlations

The free recall phenomenon which FRAN was primarily designed
to explain was the fact that the order of recall is not random but
rather 1s highly structured. We examined the degree to which the
order of output on Trial # tended to maintain {a} the order in which
the words were studied on Trial n, and (b} the order in which the
words were recalled on Trial n -1. Figure 8 illustrates a comparison
between FRAN and our Ss with respect to these two types of recall
stereotypy. For that figure the statistic, “proportion of repetitions,”
measures recall stereotypy and is defined as follows: for each S,
let j be the number of pairs of words that occurred adjacently in the
study list (or in the prior trail’s recall output) and which were
recalled not necessarily adjacently on Trial n. Let ¢ be the number of
these j pairs that are recalled adjacently in the same order as they
occurred in the study sequence (or in the prior recall). The statistic,
proportion of repetitions, is defined as Zi/Zj, where ¢ and ; were
summed over the 36 recall protocols for that trial. This statistic
estimates the probability of recalling two words in the same adjacent
order as they were studied {or recalled on the prior trial). If the recall
order were random, the expected value of this statistic would be
Zi/Ek{k-)), where £ is the number of words recalled on Trial n
These expected values, shown as the lower lines in Fig. 8, are
essentially identical for FRAN and our Ss.

As Fig. 8 shows, on all trials the obtained values were greater than
those expected for both measures of correspondence, between order
of input and output, and between order of prior output and current
output. With respect to the proportion of repetitions of prior output
pairs, FRAN appears much like human Ss. Both show an increase in
this type of stereotypy across trials. Such an increase in output
stereotypy has been reported by many investigators (e.g., Bousfield
et al., 1964; Rosner, 1970; Tulving, 1962). Turning to the other
comparison in Fig. 8, both FRAN and our Ss decrease across trials in
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the frequency with which they recall word pairs i the same order as
they were studied. For this measure FRAN fits the human data on
Trials 2 through 5, but underpredicts considerably on Trial 1.

In trying to understand the discrepancy on Trial 1 it is well to
understand why FRAN repeats mput order with greater than chance
frequency. Two factors operate to vield this latter result. First, the
last few words in the mput sequence are recalled immediately out of
STS. Although they are recalled randomly from STS, they have a
greater than chance probability of occurring adjacently, since the
chance level is computed on the assumption that the words recalled
are equally Iikely to come from any position in the list. Also the
remaining words, because they cannot occur in the first five output
positions, have as a consequence a slightly greater than chance
probability of being recalled adjacently. The second factor yielding
repetition of input adjacencies 1s particularly important on the first
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trial and it may be illustrated as follows: suppose FRAN, in searching
out assoctates of a particular word A, comes upon the word B which
had just preceded 1t in the study sequence. The word B is almost
certain to still be in 5TS and therefore FRAN will recognize it as a
list word; she will again attempt to tag word B {especially on the first
trial, it may not vet be tagged), and she will attempt to tag the path
leading from A to B, and the path from B to A. If she succeeds in
tagging the path leading from B, she may use that path m recall to
retrieve A from B. If she does, this will be one instance in which
output order reflects input order. On the other hand, consider what
would happen if FRAN, in searching out associates of A, came upon
a list word C that had occurred much earlier in the study sequence.
That word would probably not be in STS and, if it were not tagged,
FRAN would not recognize it as a list word. Therefore, she would
miss this opportunity to tag the associative path she had found from
A to C. Comparing the A-B to the A-C case, it is seen that FRAN has
a greater probability of marking associative paths between words
which occur close together in the study sequence. Since this depends
crucially on the fact that some words are not tagged, this tendency 1s
especially strong on Trial 1 when many words are not yet tagged. In
this way, FRAN tends to build a marked subgraph that reflects the
mput adjacencies. The results of the first tmal shown in Fig. 8
imdicate that these two factors are not enough because humans
repeat input order more often than FRAN does.

There 1s another method for building a subgraph which would
further emphasize input adjacencies and which a few Ss have
menticned In Intensive postexperimental mterviews that we have
conducted m other free recall experiments. There is a tendency to
deliberately seek out associative links between the'word under study
and the previous onc. This search strategy would, of course,
particularly favor the reproduction of input order mn recall, and it
might be contributing to the discrepancy between FRAN and our Ss
on the first trial. FRAN currently only searches the associates of the
word under study, but she could simulate this pair-wise searching
method by doing a parallel search from both weords, attempting to
find an intersection. It seems likely that humans use some
combination of these two methods.

It is interesting io consider whether FRAN would pass a Turing
Test; i.e., whether we could successfully distinguish FRAN’s recall
protocols from those of humans. Ignoring nrelevant details like the
format of output, it is clear that discrimination would not always be
possible. Some protocols can easily be spotied as originating from a
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human. These are identifiable by such features as a tendency to give
recall priority to previously omitted words and a tendency to
preserve input adjacencies on the first recall trial. One could be fairly
confident that such a protocol did not ornginate from FRAN.
However, many of the human protocols are indistinguishable from
FRAN’s. The conclusion seems to be that, with respect to this
standard multitrial free recall task, FRAN is like many humans, but
that not all humans are identical. If this is so, it would be unrealistic
to expect FRAN to give data identical to that averaged from 18 quite
different individuals unless we want her to have a multiple
personality.

C. Stupy TiME aND RECALIL

Waugh (1963, 1967) reported investigations relating study time to
subsequent recall. A simple relationship between study time and
recall was found, namely, that the number of words recalled from a
list depended only on the total study time for the whole list.
Variations 1n list length, presentation rate, and masses vs. distributed
presentation times had no effect if study time was constant. Some of
Waugh’s conditions were simulated with FRAN to see to what extent
FRAN could explain Waugh’s results.

Waugh's two 1967 experiments will be of particular interest. In
the first experiment, words were read to Ss at the rate of one per
second. There were nine experimental conditions consisting of 120,
60, 40, 30, or 24 words each appearing once within a list; or a basic
set of 60, 40, 30, or 24 different words permuted two, three, four,
and five times respectively, to vield a total of 120 words in all.
Figurc 9 shows Waugh's results, with each point based on 72
ohservations of free recall.

Seven of the nme conditions were simulated, each with the
parameter a equal to .65. To save money, the two lists with 40 words
were omitted. Figures 10 and 11 compare the results of our
simulations with those of Waugh’s Ss for these seven conditions.
Since only 10 to 12 observations (simulation runs) contribute to any
of FRAN’s points, the predictions are not as stable as are Waugh's
data. In these figures the arrows point from the value obtained in the
simulation to Waugh’s observed value. An X indicates essentially
identical points. The straight lines in Figs. 9, 10, and 11 indicate the
linear relationships in Waugh’s data between study time per word and
probability of recall of any word in the list.

Clearly, FRAN has managed to simulate the general relations
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among the observed points although her recall is somewhat higher
overall. This could be rectified by a slightly lower value of the
parameter a. The two most deviant predictions are for the list in
which 120 words occurred once and for the list in which 24 words
were presented five times. FRAN’s excessive recall of the 120-item
list may be related to the fact that 120 words is nearly half of
FRAN’s vocabulary, but is a trivial portion of an aduit’s vocabulary.
Practically every word FRAN studied would have associates from the
list. Her better-than-human performance may be due to the fact that
retrieval becomes disproportionately easy in such circumstances.

In Fig. 12 we have replotted the data of Figs. 9 and 10 to show
how total words recalled 1s related to the total study time. The point
for 120 seconds is based on the average of the several points with this
study time in Figs. 9 and 10. Murdock (1960) found a linear
relationship between words recalled and study time, described by the
equation R; = 6.1+.06¢, where ¢ was the time in seconds. That
predicted relation is shown in Fig. 12. As can be scen, the values
estimated from Murdock’s equation are fairly close to the values
obtained from FRAN and Waugh. However, the relation between
study time and words recalled, either for FRAN or for Waugh's s, 1s
not linear although it is monotonically increasing. Deese {1960) also
reports data in which this linear relationship was not upheld exactly.
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Fig. 12. FRAN and Waugh's §s compared with respect to number of words

recalled as a function of total study time. The predicted relation is taken from
Murdock {1960).

In a2 second experiment, Waugh (1967) presented a list of 30
words for either one, two, three, four, or six seconds per word. In a
massed condition, the word was presented for its total study time all
at once. In a distributed condition, the words were presented only
for a second at a time but appeared at several different positions in
the input list. The results of her experiment are given in Fig. 13. The
100 observations contributing to each of her data points yield much
more stable data than the 10 simulations {observations} that we have
obtained from FRAN for each point. Only a subset of Waugh’s
conditions were simulated, those for one, two, four, and six seconds.
FRAN and the humans are compared in Fig. 14 which is to be
mterpreted as were Figs. 10 and 11; i.e., the lines are taken from
Waugh’s data and the arrows point from our data to hers. Again,
FRAN simulates the general relations in these data. Just how well
FRAN does simulate the general relations can be seen in Fig. 15
which summarizes the data m Figs. 10, 11, and 14. It is a
scatter plot in which each point corresponds to a single experimental
condition. The value for a point on the ordinate is the proportion
recalled by Waugh’s Ss in that condition and the value on the abscissa
is FRAN’s proportion. If prediction were perfect all points would be
on the diagonal line. Given that the proportions recalled are subject
to random error, the result is very impressive.
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In an earlier study, Waugh (1963) examined free recall of 30
words presented at a one second rate, but with variation n the
number of list words that were repeated. She described the
procedure as follows:

In order to control for serial position effects, we divided the
30-word lists into 14 early-late words, which occurred in positions
1-6 and 23%-30 and 16 middle words, which occurred in positions
7-22.... We accordingly constructed five sorts of lists which
differed in the number of repeated words that each contained. There
were either 1, 2, 4, 6, or 8 words repeated in the middle group of 16.
Each list represented an experimental condition, which [ shall
designate as Cond. 1, 2, 4, 6, or B, according to the number of words
that otcurred twice 1n the middle segment of a list. In the eariy-late
portion of the lists, the numbs~ of repeated words was always one
less than the number repeated in the middle, so that the total
number that occurred twice n a list waseither 1,3, 7,11, or 15.In
this last case, under Cond, 8, every word in the list occwred twice
[Waugh, 1963, pp. 107-108, by permission of Academic Press, New
York].

The results in this experiment are summarized in Fig. 16. Note that
the total words recalled from the rmuddle portion of the lists and
from the early-late portion of the list are constant across conditions.
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Waugh's five experimental conditions were simulated with the
value of @ =.65. Figure 17 illustrates a comparison between the
simulations and Waugh’s results. As in previous figures, the arrows
point from FRAN’s prediction to Waugh’s data. However, in contrast
with previous figures, the straight lines are estimated from FRAN’s
data and not from Waugh’s data. While each of her data points is
based on over 300 observations, FRAN’s rest on just 20 simulations,
with correspondingly larger vanances. While FRAN is recalling about
the same number of early-late words as Waugh’s S5, FRAN's recall
from the middle positions 1s about 25% lower. Except for this, the
sumulation data preserves the basic relations in Waugh's data. We
probably could have matched recall both in the early-late portion
and in the middle portion by simultaneously lowering the value of 2
and decreasing the sizc of STS. The number of words recalled from
the middle portion would then increase because a {the probability of
not tagging in a second) would be legs. The increase in recall in the
carly-late portion due to the change m 2 would be cancelled out by
the reduction in the size of STS. We have aiready noted i Section
IV,B, in discussing the serial position curve, that STS should have
been smaller in FRAN.

Waugh was intercsted in the relation between recall of muddle
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words that were repeated and those that were not. Letting P denote
the probability of recalling a nonrepeated word, the issue was
whether a repeated word would be recalled with probability
P+ (1-P)P or with probability 2P. She 'was able to discriminate
statistically in favor of the latter hypothesis. We did not have enough
simulated data to make such a slight distinction, but the probability
of FRAN’s recall for the nonrepeated words was .135 and for the
repeated words, .257 (averaged over the five conditions).
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Waugh was also interested in whether recall would be affected by
the lag between repeated words. The lag refers to the number of
items mtervening between the first and second presentation of a
given word. Waugh's lag data for the middle 16 words arc presented in
Fig. 18. There is no apparent effect of lag upon recall, a fact which
Waugh found surprising. There appears no reason to expect an effect
of lag for FRAN, and Fig. 19 confirms that there was no systematic
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Fig. 18, Probability of recalling a repeated word as a function of the number
of other words intervening between the first and second occurrences of a word.
This figure 15 taken from Waugh {1963), by permission of Academic Press, New
York.
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effect for our simulations. In that figure, lags 7 through 14 were
pooled because of small amounts of data for these positions.

It should be noted, in conclusion, that the experiments subsequent
to Waugh’s research (see Melton, 1970} have not always succeeded in
replicating her findings that the effects of total study time are
independent of variables such as massed ws. distributed presentation
and the lag between repetition of items. These studies have involved
various design differences such as rate of presentation. Whether
FRAN will show similar departures from the simple relation between
study time and recall when such experimental parameters are
changed remains a question for further research.

D. Cuep RECALL

Slamecka (1968) reported six single-trial free recall experiments,
each of which compared two groups of Ss given different conditions
of recall. During testing, one group was given part of the list and was
required to recall the remainder. The other group recalled the whole
list that they had studied without such cues. Slamecka was
concerned with recall on that portion of the list which both groups
were required to recall. The consistent finding was that the control
group, which had to recall all the list, did as well as or better than the
experimental group which had been cued with part of the list. Cueing
FRAN with words from the list should give her additional entry
points into her subgraph at refrieval, and this should increase recall.
The following discussion is concerned, first, with procedural factors
that might have affected the cued vs. noncued recall difference in
Slamecka’s experiment, and, second, with the magnitude of increased
recall that an associative model like FRAN predicts for the cued

group.

1. Procedural Factors

Slamecka noted one possible reason why his cued Ss were often
inferior to his noncued Ss. The cued S tended to spend about the
first 10 to 20 seconds reading over the list of cue words which they
had been given and which they were wnstructed not to recall. He
conjectured that, in the time spent initially scanning the cue words,
these §s would lose access to the contents of STS from the prior
study list. In an experiment in which the noncued group was given a
comparably interfering task for the first 15 seconds, he found no
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difference in recall of the critical words by the cued and noncued
groups.

This result suggested to us a reason why the cued group was not
superior to the control group as FRAN would predict. The cued Ss
have an additional task in recall which the control Ss do not have.
Not only must they recall the words, but they must also check every
word implicitly recalled against a list of words not to be recalled.
Slamecka has shown that the second task may interfere with the
first, but there is no reason to suppose that the interfering effects of
the second task are limited to the first 15 seconds. What is clearly
needed ds an experimental design that equates the two groups with
respect to this second task.

2. An Experiment

Thirty-two Ss had two study and recall tests on each of four lists
of 40 common nouns. The words were presented on flashcards at a
three second rate and Ss were given three minutes for recall. During
the second recall test, all s were required to recall only a particular
half of the list. That particular half was specified by the initial letters
of the words to be recalled. For mstance, a § might be asked to recall
all the nouns that began with letters from A to M. The experimental
manipulation was whether the § was given the list of words he did
not have to recall on the second trial. By this procedure, all Ss would
have to inhibit their recall of half of the list, but only one group
would have the advantage of knowing what were the exact words on
the inhibited half of the list. Comparison of the cued and noncued
conditions was delayed until the second trnal because it has been
suggested that the list is not sufficiently organized on the first trial to
take advantage of the cue words (although later data by Slamecka,
1969, dispute this point). Each of the 32 Ss recalled two lists under
the cued condition and two lists under the noncued condition. They
did not know in advance which lists would be tested with cuemg.
The variables of condition, list, and order of presentation were
counter-balanced in a 4 x 4 greco-latin square. One greco-latin square
was used with four blocks of four Ss and a different one with a
second four blocks. In all there were 64 recall protocols for each
condition.

On the first trial, when all Ss had to try to recall 40 words, 14.02
were recalled by those in the cued condition and 14.44 by those in
the noncued condition. Under the cued condition, Ss recalled a2 mean
of 10.33 words out of a possible 20 in the second recall; under the
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noncued condition, Ss recalled a mean of 9.63. Using as an error
term the residual left when variance due to condition, subject, list,
and grecodatin square is removed from the total variance, this
difference is marginally significant at the .05 confidence level {¢ test,
1 tail). Even if this difference is of marginal significance, it certainly
ts microscopic; cued Ss recalled only 7% of what could not be
recalled without cueing.

Allen  (1969) reported a cued-recall experiment that was
specifically designed to angment the advantage of the cueing group.
Closely associated pairs of words were input contiguously. It was
hoped that this would induce the § to form associations between the
pamrs. After the Ss had recalled all the words they could without
benefit of cues, half the Ss were presented with a set of cues
consisting of one member from each pair. It was hoped that, if
neither word in a pair had been recalled, cueing with one member
would facilitate the recall of the other. Allen found that 15% of the
words that could not be recalled without the aid of cueing were
recalled with its aid. This i1s a significant difference, but not
particularly impressive considering Allen’s manipulations to obtain
an effect.

3. Cuemg of FRAN's Recall

Intuitively, one would think that an associative model like FRAN
would yield a much larger advantage for cueing than was obtained in
our experiment or Allen’s. These intuitions were checked by running
32 simulations of the cued and of the control conditions of our
experiment. The parameter ¢ was set at .65 for these simulations. In
both the conirol and the cued conditions FRAN recalled only a
specilied hall of the list as did our Ss. The cued condition was
sunulated by permitting FRAN to use as entry words the 20 cue
words as well as the five from STS, and the three from ENTRYSET.
This manipulation for the cued condition seemed reasonable given
our Intuitions that cueing a § with list words should give him extra
points at which to access his memory,

In the control condition, after FRAN had recalled all the words
she could, she studied those words she had recalled for an extra time.
In studying these, she mght succeed in fnding paths to other list
words and so recall them. The decision to let FRAN restudy the
words she had recalled in the control condition was taken so that she
wouid be engaging in some possibly beneficial activity to compensate
for the time she was spending in the cued condition with the extra
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entry words. As it turned out, this was not a particularly rewarding
additional activity; only three new words were recalled by means of
this additional stady n 32 simulations. ) .

Turning to the results, 14.59 words were recalled on the first trial
for simulations of the cued condition and 15.12 for the simulations
of the noncued condition. This is slightly higher than the 14.02 and
14.44 reported above for the humans. On the mnnonm.ﬁn._& 14.59 of
the 20 possible words were recalled in the cued condition and only
10.63 in the noncued condition, a difference of almost four words.
Therefore, FRAN, with the aid of cucing, is able to recall 42% of the
words she could not recall without the cues. This compares with the
values of 7% in our experiment above and 15% in Allen’s experiment.
So, our intuitions were correct; an associative model predicts a much
larger advantage of half-list cueing than 1s in fact found.

It would not have been difficult to have had FRAN behave
differently in simulations of the halflist cueing task and thus reduce
the difference predicted between the cued and the control
conditions. The problem is to develop some independent motivation
for such alternative assumptions. In the control condition, FRAN
might be allowed to randomly search her memory lookimng mn,.n new
words as another activity to compensate for the time spent with the
extra cued words in the experimental condition. In a small memory
like FRANs, this would surely result in increased recall; but, as
argued i Section LG, it is doubtful whether this strategy is fruntful
n a human-sized memory. Another assumption would be for FRAN
to treat these half-list cue words with less careful consideration than
is given to the other entry words. Perhaps, she would only mo.ow ata
random subset of the associates of these words. It is not
unreasonable to suppose that a human § when confronted with 20
cue words, most of which are of no help, may become somewhat
negligent in his consideration of these «_.co.mmmm. While these two
alternative assumptions have some plausibility, to our way of
thinking, they are not as plausible as is FRAN’s current behavior.

E. REcaLL oF CATEGORIZED LISTS

Much of the current interest in free recall surrounds research on
the recall of categorized lists, i.e., lists composed of several instances
from each of a set of categories. There has been considerable
controversy as to the exact nature of the processes a\.,_.gnr underlie
free tecall of categorized lists. Shuell (1969) has outlined the three
principal types of explanation that have been offered. First are
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explanations relying on Miller’s (1956) notion of recoding. The
general idea s that the words from a category are recoded into a
single chunk, and that the S recalls the chunk and not the mdividual
words. This is a variant of the “unitization™ hypothesis described 1n
the Introduction. The basic difficulty with this explanation is that
the details of how the instances are encoded into a chunk or how the
chunk is decoded into its instances arc left to the imagination.
Because of this vagueness, it is not often contrasted with the other
two theories about recall of categorized lists.

The second explanation of clustering 1s that offered by Boustfield
(1953). His hypothesis was that the category name itsell was
implicitly recalled, and that recall of the category name facilitated
recall of mdividual members. This is similar to the categorization
strategy which we outlined in Section IILA. That strategy would
consist of restricting search during study to those associative links of
the subordinate-superordinate variety, trying to find superordinate
concepts having several list items as instances. These superordinate
concepts (whose names are usually not on the list]) would probably
form the members of ENTRYSET. Then at recall the § could search
for marked paths from these concepts to subordinates that were on
the list.

The third interpretation 1s that free recall of both categorized and
noncategorized lists is determined on the basis of word associations
like those uncovered in free association tests. Associations of a
categortal nature are not viewed as having special status. This
approach is quite similar to FRAN’s present associative strategy.
According to this view, phenomena like clustering are to be explained
by the fact that words from the same category tend to be highly
mterassoctated. Support for this explanation comes from findings
that recall and clustering are higher in lists composed of
high-frequency associates of the category name (e.g., Cofer et ai,
1966). An opposing result was reported by Marshall (1967) who
found that both recall and clustering were higher for pairs of words
that were from the same category than for pairs of words that had
equal associative strength but were not coordinates.

Both Cofer (1965) and Tulving {1968) have enticized attempts to
distinguish experimentally between the categorization and the
assoclative hypotheses. The general point of their argument 15 that
these are but two of several possibie ways to organize word lists, and
that one should not expect a person always to use just one and the
same basis for organization. Although the claim that Ss use many
strategies mn free recall 1s undoubtedly correct, 1t leaves unresolved
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the empirical question of how much humans tend to use a
categonzation strategy as opposed to an assoCiative strategy. One
way to decide the issue is to nogmuw:w FRAN’s performance on
categorized lists to that of humans. FRAN uses a pure associative
strategy. So far, we have presented evidence largely consistent with
the hypothesis that FRAN correctly models the main aspects of the
associative strategy which Ss tend to adopt under standard frec
recall. If her performance on categorized lists deviates markedly from
that of humans, we may have evidence that categorization strategies
are quite prominent in such situations. We would also discover how
charactenistics of recall differ between the two strategies.

After searching the extensive literature on this topic, we decided
to simulate an experiment by Dallett (1964 ) which manipulated two
variables of interest in categorized recall, and which reported
measurcs of overall recall as well as orgamization. Subjects in his
Experiment IV studied lists of 24 words presented at a 1.4-second
rate. The lists were composed either of two members from each of
12 categories, three members from eight, four members from S1X, O
six members from four. Another varidbie was whether all the
members of a category were presented contiguousty (blocked
presentation) or presented randomly scattered throughout the list
(random presentation). There are eight combinations of the two
methods of presentation and the four numbers of categories, and
data were collected from 20 Ss in each conditon. It is not possible to
have FRAN study at time intervals like Dallett’s 1.4 seconds that are
not in discrete seconds. As a comproinise, data were obtamed for six
simulations at a one second rate and six simulations at a two second
rate. The parameter a was set at .5 for these siimulations.

Figure 20a shows that the rccall of FRAN and of the humans
closely matches when instances of categories were presented in
random order. Both show an increase in words recalled as the
number of categories decreases. FRAN 1improves with fewer
categories because she has to develop access to fewer “regions” of
memory. Unfortunately, this result of higher recall with fewer
categories 15 by no means universal. Bousfield and Cohen (1956),
Cohen and Bousfield {1956), Mathews (1954), Tulving and
Pearlstone (1966), and Dallett {1964, Expetiment I) report divergent
outcomes of this comparison. The observed effect of number of
categorics appears to depend on list length and also on the Ss
sophistication with free recall.

The control data for FRAN represent recall of 24 randomly
selected words. Ten simulations were fun at both the one- and the
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Em..mm. FRAN and Dallett’s §5 compared with respect to number of words
recalled out of 24 as a function of number of categories and mode of
presentation (blocked vs. random).

two-second input rates. Categonzed recall was higher than the
control recall for FRAN at all numbers of categories, a consistent
result in the literature. The control recall reported by Dallett is not
comparable because it was based on recall of lists composed of
nouns, verbs, adjectives, and adverbs. With such control lists,.it is
none too surprising that his control recall was lower than FRAN’s.
Verbs, adjectives, and adverbs are generally more abstract than
nouns, and abstract words are recalled less well.

Figure 20b illustrates a comparison between the data and the
predictions when presentation was blocked. Although humans and
FRAN both improve in recall with fewer categories, the humans are
considerably superior to FRAN. The recall of the humans in the
Eoﬂmm.m condition was one to four words more than in the random
oom&:m.os. a result that has been replicated by Cofer, Bruce, and
.wanrﬂ. (1966). In contrast, FRAN recalled a mecan of 11.94 words
in the random condition, averaged across all numbers of categories
and a mean of 11.86 in the blocked condition. ,

In the blocked condition FRAN has a better chance than in the
random condition of marking associations between words within a
category. If FRAN finds an associative path between a word under
study and a previous list word from the same category, m the
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blocked condition she will probably recogmze the discovered word
because it is likely to still be i STS. The word is still likely to be in
STS mn the blocked condition because it would have appeared only a
few items carlier. If FRAN does recogmize 1t, it will be re-entered
nto STS, and she will attempt to tag the paths to and from the word
and attempt to tag the word itsell. On the other hand, in the random
condition, there is considerable chance that the discovered
coordinate word will not be recognized. Failure of recogmition 1s
possible becausc the word is not likely to be in STS at the time and it
may not have been tagged when orgmally studied. This mcreased
probability of tagging paths between contiguous coordinate pairs
shoutd somewhat facilitate recall in the blocked condition.

This fact, that associative paths are more likely to be tagged
between contiguous words, was also used n Section IV.B to explan
why the mput order was maintained to some degree 1n the output
order. Glanzer {1969) has shown that related word pairs are more
likely to be recalled if they are presented close together — a result
which 1s to be predicted by this same factor within FRAN. In the
simulations for the random condition, we examined recall of pairs of
words from the same catcgory which had occurred in positions 4
through 19 in the input sequence. The examination was restricted to
these middle 16 positions to avoid any complications due to primacy
and recency effects. The relevant data concern recall of the second
member of a pair conditional upon the recall of the first member of
the pair. When the lag between the two words was between zero and
[our words, the conditional probability of recall of the second
member was 54%; for lags between 5 and 14, 1t was 49%. This result,
like Glanzer’s, is to be explained in terms of the fact that useable
associative paths between two list words are more likely to be tagged
the nearer the items appear to onc another. However, the difference in
our data is not very large, suggesting that extrinsic contiguity
conferred relatively little advantage to the formation of associations.

A sccond, opposing factor apparently cancelled out this small
contiguity advantage of the blocked condition. The disadvantage in
tire blocked condition is that the members of STS at recall are likely
to come from fewer categories than in the random condition because
the last words FRAN studies in the blocked condition are all from
the same category. Therefore, FRAN will have access to fewer
categorical clusters at recall through the contents of S3TS.

Why, then, do human Ss recall more with blocked than with
random input? We suspect it is because under the blocked condition
humans are likely to adopt the categorization strategy outlined
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previously. This strategy is cffective with categorized lists,
particularly where they are blocked. That humans were using this
strategy can be inferred from Fig. 21 which reports clustering
measures for FRAN and the human Ss. The measure used in this
figure is the same as that Dallett reported, viz., deviation from
expected clustering. This measure is calculated by counting the
number of times one member follows another member of the same
category in the output and substracting from that sum the expected
number of such repetitions. The expected number is given by the
formula: (Sm?/Em;)-~1, where m; is the number of items recalled
from the ith category. For both the humans and FRAN, clustering
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Fig. 21. FRAN and Daliett’s §s compared with respect to amount of category
clustering. See text for explanation of clustering metric, mean deviations from
expected clustering.
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exceeds chance and the deviations from expectation increase as the
number of categories decrease. Also, both humans and FRAN mb_uui
much greater clustering with blocked presentation of the list.
However, under all conditions, the humans show much more
clustering than does FRAN, particularly in the blocked condition.
Referring to the level of recall m Fig. 20b, 1t may be confirmed that
the level of clustering shown by the humans under the blocked
conditions was practically perfect. Such perfect clustering scores are
to be expected, of course, if the human Ss were using the
categorization strategy as outlined. From therr less than optimai
clustering scores, Ss in the random condition apparently were using
some combination of the associative and the categonzation strategy:;
or alternatively, some Ss were using an associative strategy like
FRAN and others, the categorization strategy.

F. WorDp RECOGNITION

Embedded within FRAN is a simple model of word recognition. In
a word recognition test, there are three possible bases for FRAN to
identify an ttem as a list member — membership in STS, membership
in ENTRYSET, or an association between the item and the list
marker. FRAN would be able to recognize any word meeting any of
these three criteria. For any other word from the list and for all the
distractors, FRAN would have to resort to some pure guessing
strategy to determine which items (if any) to call list Bmawwam.
Essentially, then, FRAN can classify words into only two categories,
those she remembers as coming from the list and those she cannot
remember being in the list. However, humans can discriminate words
into more than two categories as is shown by their ability to give
ratings of their confidence that a test word was in the list. Hm.z.wmm
confidence ratings bear a monotonic relationship to the probability
that the word came from the studied list. As currently programmed,
FRAN does not yield such multiconfidence ratings.

However, a simple and natural elaboration of the model will
handle such confidence judgments in recognition. The requisite
assumption presupposes an imperfect decision process that mﬂﬂﬁﬁammm
associations to the list markers. In a forthcoming paper this
recognition model will be described i detail. Essenuially, it is a
two-state recognition model like that of Bernbach (1967). In the
terminology of signal-detectability theory, it is assumed that there 1s
one normal distribution of values on the decision axis for tagged
words and a different normal distribution for untagged words.
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According to this model, a § will recognize a word whenever the
word exceeds an adjustable criterion value on the decision axis.
Therefore, it will occasionally happen that tagged words will not be
recognized and untagged words will be recognized. With this brief
elaboration of the recognition model n mind, we can now discuss
some of the data from word recognition experiments.

The primacy effect in FRAN’s free recall has been attributed to
the fact that ENTRYSET in mitially composed of the first words in
the list, and the recency effect to the fact that, at the mitiation of
recall, STS 1s composed of the last words in the list and their
associates. If recognition judgments take account of the contents of
STS and ENTRYSET as we postulate, one would expect to find
primacy and recency effects in recognition judgments. The data of
Waugh and Norman (1968) confirm that this is the case. They also
found that the recency effect 1s much more pronounced for those
items that are presented for recognition judgment early in the test
phase, a result consistent with FRAN's recognition component. If an
item late in the study sequence is tested early, there is a high
probability that 1t will still be in STS when tested and therefore
recognized. As more items are tested before the late-studied word,
the probability increases that the word will no longer be in STS.

Another interesting phenomena is the occurrence of intrusions in
the [ree-recall output. In searching her memory, FRAN must decide
whether each word she encounters is a list word or not. If the
decision model described above were governing these judgments,
FRAN would occasionally incorrectly identify as a list member one
of the nonlist words she encountered in her search. FRAN, in her
search at the time of recall, only examines words that are on marked
associative pathways. Therefore, the only nonlist words considered
are on associative pathways that have been marked out between list
words. As a consequence, one would expect most intrusions to be
strongly related to some of the words in the list. Deese (1959b)
demonstrated that this is the case; he found a strong positive
correlation between the frequency with which the words in the list
evoked a particular word in free association and the frequency with
which that word occurred as an Intrusion in free recall.

While many variables such as presentation rate and senal position
appear to have the same effect on recognition as on recall, a few
variables affect the two testing methods differently. These
differences are easily interpreted in terms of the processes underlying
FRAN’s performance. For instance, it is to be predicted that any
manipulation that increases the organization of the list should
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facilitate the retrieval processes but not 1tem recognition. Therefore,
such manipulations should improve recall but leave word recognition
unaffected. Cofer {1967) and Kintsch (1968) report data confirming
this prediction. '

Also, Ss should give better recall under intentional than ncidental
instructions becausc intentional Ss are likely to actively search out
relationships and retrieval pathways amongst the list words. On the
other hand, recognition performance depends only upon tagging of
the word which, in turn, depends only upon the entry of the word
mto STS. Presumably, any incidental task that directs the S’
attention to the word will insure that the word enters STS.
Therefore, intentional learning instructions should not have any
superionity over ncidental if the method of test is recognition but
will be superior on recall tests. Eagle and Leiter (1964) found that
recall 15 better under intentional instructions, but recognition is
actually better under incidental instructions. Both findings have been
confirmed in other experiments (Dornbush & Winnich, 1967;
Postman, Adams, & Phillips, 1955). Consistent wath our interpreta-
tion of the [acilitating effect of mtentional instructions, Eagle and
Leiter found that only those intentional Ss who reported using some
recall strategy were superior to the incidental Ss. They also offered a
plausible explanation of the unexpected superiority of the incidental
group in recognition. Eagle and Leiter suggest that, under intentional
mstructions, Ss focus on particular words at the expense of others; in
contrast, under mcidental learning instructions, Ss distribute their
time equally among the words. Focusing of attention may be useful
in developing a successful system for rctrieval, but the optimal
strategy for recognition is to distribute an equal amount of time to
each word. That recognition 15 optimal when § distributes his study
time cqually follows from FRAN's assumption that probability of
tagging is exponentially related to the duration of time for which the
word is studied.

V. Concluding Remarks

Throughout Section IV, we confined ourselves to the tasks of
comparing FRAN’s performance with that of humans, of explaning
FRAN’s performance, and of conjecturing why humans deviated
from FRAN’s behavior when they did. The time is now come 1o
evaluate the theoretical positions developed in Sections II and Il in
light of the results of Section IV. To summarize, three basic claims
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were made about free recall: {2) Most humans in conditions of
standard free recall adopt the associative strategy of FRAN as
described in Section III; (b) procedural deviations from the standard
free recall paradigm may induce Ss to adopt strategies quite different
from the associative; and (c) these different strategies could be
implemented with the same mental mechanisms as outlined m
Section 1I. The question now 1s, to what extent have thesc three
claims been substantiated?

As for the claim that FRAN’s associative strategy 1s the rule for
standard free recall, the data presented mn Sections 1V,B,C, and F, as
well as the introspective evidence referenced throughout this paper,
provide positive support. The data in Section 1V,D, the failure of
humans to show substantial improvement when cued with list words,
provide the only major source of embarrassment for this hypothesis.
As noted, it would be easy to introduce minor alterations to FRAN’s
behavior that would reduce the difference she now shows between
the cued and noncued conditions. However, these changes would be
posthoc, and would only mitigate the embarrassment of the theory.
Nonetheless, it would be mistaken to overemphasize the importance
of this negative resuit. Both we and Allen have shown that cueing with
list words has beneficial effects. Beyond this, the data of Tulving
and Pearlstone (1966) and of Tulving and Osler (1968) showed that
cueing with extralist words could have very beneficial effects.
Therefore, Slamecka’s original thesis about the complete indepen-
dence of memory traces is quite probably wrong. The difficulty only
concerns why the memory traces arc not as dependent as our
associative model would scem to predict.

If it is accepted that FRAN approximately models the associative
strategy for standard free recall, 1t is fairly clear from Section 1V,E
that the associative strategy is not always the major strategy in all
nonstandard free recall experiments. Dallett’s data indicated that
adoption of the alternative, categorization strategy increased as the
categorized nature of the list was made explicit. Therefore, this is a
stronger result than just that a different strategy was adopted when
the paradigm was changed from standard free recall; rather, the
nature of the strategy change was predictably related to the nature of
the change in experimental parameters.

We have outlined how several different strategies could be
implemented in terms of FRAN's mental mechanisms. The fact that
these various strategies can be formuiated in terms of FRANs
machinery supports the asseruon that FRAN models the structures
and processes underlying human memory in general. However, this
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fact alone is hardly sufficient. To mention a counter example, ali
these strategics can be implemented on ahy standard computer. This
would hardly lead one to conclude that the structures and processes
which underlie the computer have much relation to those m the
human head. The reason why we can reject the raw computer as a
model of human memory, independently of physiological considera-
tions, is that it 15 possible to have the computer perform feats of
memory of which the human 1s just not capable. The point 15 that
anything which FRAN can do, humans must be able to do also. To
substantiate our third theoretical contention will require stronger
resuits than given 1 this paper. We must present data that would
adequately substantiate that FRAN can simulate practically all
memory strategies that people use; we must also show that we can
mnstruct humans to adopt any strategy of which FRAN is capable.

We must address ourselves to one remaiming question in this
cvaluation; viz., to what extent do the simulation results depend
upon the particular parameters? Might we have produced simulations
showing little benefit of cueing? Could we have obtained a difference
between blocked and random presentation of lists? It is, of course,
completely unfeasible to do the sort of parameter scarch that would
determine an answer to these questions with certainty. Given that
this 1s impractical, one must rest content with the type of informal
answers provided in Section IV. Sometimes, as with the too-large
recency effect, we pointed out 1t secemed ciear that a change of
parameters would eliminate this discrepancy in the simulation. In
other crcumstances, such as with the too-large cueing effect, the
resuli seemed inevitable given the associative strategy, and there was
no apparent way to avoid it by juggling the parameters.

Clearly, while some of the results are encouraging, FRAN is not a
compicte modei of free recall. The model 1s not adequate even for all
the details of standard free recall. Before FRAN would constitute an
adequate “‘explanation” of free recall, we would have to augment the
program so that she could adequately replicate all relevant relations
found 1n all free recall experiments. This is clearly a tall order.
Rather than attempting to achieve such a complete model, it will be
more judicious to set our sights lower and seek a closer
approximation of FRAN to the data.

There are a few theoretical changes that would transform FRAN
into a more adequate model. One obvious improvement would be to
gwve FRAN a larger memory. There 15 no technical reason why it
could not be about 2000 concepts. Such a memory would at least be
approaching the order of magnitude of a human’s, and FRAN would
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be faced with some of the problems a human has when he must
scarch for lost needles in a mnemonic haystack. Since FRAN’s
current memory is at least a hundred times Iess than that of a human,
1t 15 impossible to assign much psychological reality to some of her
processes such as those selected to govern her search for and marking
of associative paths, With a memory that approached human size, it
would be possible to explore interesting questions about the exact
manner in which the memory is searched. For instance, we might try
to determine the rate at which associations are searched from a
particular word. It will be remembered we used the crude formula
N=5+T to relate number of associations (N} to total study time
(T). With a larger memory 1t would also be possible to have FRAN
occasionally resort to a random search of her memory, as humans
probably do, without being in danger of quickly exhausting the
memory.

The other important direction in which FRAN should be
mmproved 1s to permit her to adopt a variety of strategics and to give
her some heunstic principles by which to select a particular strategy
for a particular free recall task. This is much more easily said than
done. Essentially, a meta-program is needed that is capable of writing
a sct of different programs, each program reflecting a different
strategy. The program that we have developed for execution of the
assoclative strategy would be just one of many strategy-implementing
programs. Although there is some research in computer science on
programs to write programs, nothing relevant to our complexities 1s
at hand. Although the task of programming such a meta-program is
beyond our current abilities and ideas, any fully adequate simuiation
program for human memory will have to take the form of such a
meta-program.

Appendix: An Introspective Report

The following is a transcription of the verbal introspective remarks offered by
one student as she studied and recalled a set of 40 words presented at an
cight-second rate. She had twice studied and recalled a previous list of 40 words.
She had also studied and recalled this current list a previous time. in the first
triat she had recalled in the following order the words tat{oe, licutenznt,
mercenary, destroyer, sideburns, skeleton, pumpkin, dignitary, city, pond,
chestnut, mountain, kitchen, widow, wrist, student, and present,

Study. The word following each number mdicates the word being studied.
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Following it 15 a transcription of the S's remarks. Each italicized 4..9.& in the
transeription is a word that was in the set of Acw to-pe-recalled words:

i. garnison - garrison, lieutenant, dignitary i
2. dignitary — crown queen, oh . . . dignitary .
5. yuiture — vulture . . . bird, there was a bird present . .. vulture, bird . ..
garrison
4. disk — disk . . . disk, record, disk, can’t remember statue .
k. crown — crown queen, the dignitery visits the crown queen, the
lfeutenant is in the garrison o
6. bowl — bow! ... bowl of flowers . , . the dignitary visits the crown quecn
and gives her a bow! of flowers )
7. present — I am present, [ also am a student, 1 think . . . student o
8. student — student, I am present, 1 also am a student . . . the dignitary 1s
also a student philosopher
9. dragon — oh, I forgot ail the fairy tales. .. goose, dragon, mother goose
fairy tales
10. kitchen — kitefen, still the mother, the widowed mother )
11. clergyman — clergyman ... the clergyman visits the widowed mother
who 15 in the kitchen o
12. wmirport — atrport . .. the dignitary arrives m a airplane in the arrport to
visit the erown queen with a sowl of flowers )
13. Heutenant — leutenant 1s in the garrison . .. and he 1s being attacked by
a vufture who came through the window
14. pepper— pepper - . . the mother put the pepper on the moc.a .
15. chestnut — still the open fire, chestnuts, pond, next word is pond
16 pond — right . . . remember garrison and remember dignitary
17. wrist - wrist, still watch, wrist watch, wrist action, wrist watch ,
18. mountain — oh, instead of valley remember the mouniam that created
the valley ) )
19. flashlight — you remembered cify but you didn’t remember flashilight
and the reason you should remember ity 15 because you have {o usca

flashlight ) ‘ o
20. city — city, flashlight . . . kitchen, dignitary, aty, flashlight .
91. scorpion — scorpion, remember vulture with scorpion, the garrison is

loaded with kooky anmmals

99_ congregation — congregation, 1 am trymg to remember a congregation of
things, congregation ‘

23, goose — goose, remember dragon, remember mother goose ... & fairy
tale ... or vou could remember happy times, goose, dragon, pond,
chestnuts

24, cone — and an ice-cream cone, goose, dragon, pond, chestnuts, and an
ice-crearn cong .

95. tub — tub ... I still only remember bath and Ill never remember that

and when you sec tub, | remember rub-a-dub-tub, tune 1n mm.e. u.u yes
pliers — pliers, they never wili be remembered by me . .. oh, bieycle, to
fix a bicycle vou have to use some phers )

27. beard - wmnxm... the dignitary had a beerd and the leutenant had the
sideburns . ., Jesus

98. mercenary — the fieutenant was the mercenary, night

26
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29. frontier - he 1s fighting on the frontier, let me see now . . . somewhere in
Arabia . .. the entenant 1s in the garrison because he didn't fight
30. castle — castle, fairy tale ... don't remember the sentry, remember the
castle he guards
v 31. officer — the leutenant 1s a officer in the .., oh ... he didn’t obey the
duties
o 32. destrover — the Heutenant is an officer, destroyer, mercenary ... the
lieutenant is too much . ., he's a destroyer
33, jackknife — jackhnife, m the summer you can use the pond to swim in
and one of the things vou can do is jackhnife into it
34. widow — the mother is a widow in the kitchen, the widowed mother is in
the kitchen
35. pambler — oh, another city vou could think of is Las Vegas and Monte
Carlo as opposed to New York

36. pumpkin — pumphin, remember with skeleton, Hallowc'en ... fun,
chestnuts
¢ 37. sideburns - sideburns, the Heutenant has sideburns, the dignitary has a
beard

38. skeleton — oops, oh, the pumpkin and the skeleton, right, skefeton

39, film — what I am looking at could be said to be a film or a congregation
of objects

40. tattoo — tattfeo ... oh, 2 t's, 2 0’s, spelled it wrong last time.

Recall. This is a complete transcription of the §'s remarks during the three
munutes she had for recall, Italicized are those words that were written on the
recall sheet.

Seeing as how { spelled 1t wrong last time — ¢, 4, ¢, {, 0, 0. What I am looking
at could be said to be a film of a congregation of objects. The lieutenant ., ..
lieu-ten-znt ., . 1s a mercenary with sideburns . . . destroyer . . . officer . . . who's

E.:t?n garmson . .. and is being atiacked by vuliures and scorpions ... and a

gambler’s city . .. called Las Vegas, Monte Carlo as opposed to a city where vou
have to use a flashlight like New York when it had the blackout. Let me see now
... the mother, cops not mother but Ritchen ... kitchen, mother’s in the
kitchen using pepper ... on the phone and she was visited by the clergyman . ..
seeing as how she was recently widowed . .. she has many children who like to
roast chesinuts ... on the fire and tell fairy tales about dragons ... mother
goose fary tates, that is, and ladies mn costles being rescued . ., ket me see now,
afterward they go skating on a pond, that's during the winter, however they can
use the jackinife during the summer ... and they lve in a valley between two
mountains ... and one time they were making the jackknife and they broke
therr wrist, one kid broke his wrist, might ... and ... let me sec now, the
lieutenant was a mercenary who had sideburns, the digaitary ... was the guy
who had the beard and he cammed a bow! of flowers to the queen who was
already in the castle .., and .., well, the lieutenant could be said te have a
skeleton m his closet that he is reserving for Hallowe’en when he can use it with
his pumpkin ... oh, ves ... let me sce, what else can I remember, about those
nice people . ., . the licutenant could be said to have a skeleton in his closet . ..
which he could use for Hallowe'en . .. let me see now, scorpion, gambler, city,
flashlight ... clergyman, widow, chestnut ... goose, castle, pond, jackknife,
wrist, dignitary, [ am present and I am a student . .. oh, there 1s a word that I
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am not gong to remember . . . because I remember 1t but 1 can’t remember it, et
me think ... I am present and 1 am a student- .. fub, | remembered it . .. no,
that’s not the nght one . . . tub, bath, pond . . . chestnuts roasting in an open fire
... 1'm not too sure | am not remembering the other 40 words.
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