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INTRODUCTION

In this chapter we develop and evaluate a mathematical modecl for a series
of experiments on recognition memory. The model is extremely simple,
incorporating anly those assumptions necessary for treatment of the phenom-
ena under analysis. It should be noted, however, that the modet is a special
case of a more general theory of memory (Atkinson & Shiffrin, 1968, 1971):
thus its evaluation has implications not only for the experiments examined
here, but also for the theory of which it is a special case.

Before discussing the modcl and the relevant experiments, it will be useful
to provide a brief review of the general theory. The theory views niemory as
a dynamic and interaclive system; the main components of the memory
system and paths of information flow arc diagrammed in Figure 1. Stimuli
impinge on the system via the sensory register, and the system in turn acts
upon its environment through the response gencrator. Within the system
itself, a distinction is made between the memory storage netwark, in which
information is recorded, and confrol processes that govern the flow and
sequencing of information. The memory storage network is composed of the
sensory register, a short-term store (S8TS), and a Jong-rerm store (LTS), The
sensory register analyzes and transforms the input from the scnsory system
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FIGURE 1.

A flowchart of the memory system. Solid lines indicate paths of information transfer.
Dashed lines indicate conneclions that permit comparison of information arrays
residing in different parts of the system; they also indicate paths along which control
signals may be sent which modulate information transfer, activate rchearsal mecha-
nisms, set decision criteria, alter biases of sensory chanoels. initiate the response
generator, cic.

and briefly retains this information while it is selectively read into one of the
memory stores. The STS is a working memory of limited capacity from which
information decays fairly rapidly unless it is maintained by contro! processes
such as imagery or rehearsal. The contents of STS may be thought of as the
‘current state of consciousness’ for the subject. The LTS is a large and
essentially permanent memory bank; information once recorded in this store
does not decay, but its availability for further processing depends upon the
cflectiveness of retrieval processes. In the figure, STS and LTS are depicted
as two separate boxes, but this is not meant to imply neurologically separate
systems; it is quite possible that STS is simply the active phase of neural
processes quiescent in LTS. The control processes regulate the transfer of
information from one store to another, and the sequencing of operations
within each memory store. These processes are labile strategies adopted by
the subject in response to environmental and task conditions. They include
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sclective atlention, rehearsal, coding, selection of retrieval cues, and all types
of decision strategies.

Although the model developed in this paper is a special case of the theory
represented in Figure 1, it also can be interpreted as consistent with a number
of other theories.' It is possible to theorize about componcents of the memory
process without making commitments on all aspects of a theory of memory.
Component problems can be isolated. experimentally and “local models
developed. Work of this sort eventually leads to modification of the gencral
theory, but a close connection between Jocal models and the general theory is
not required at every stage of rescarch.

The term ‘recognition memory" covers a wide variety ol phenomena in
which the subject attempts to decide whether or not a given object or event
has been experienced previously (Kintsch, 1970a, 1970b; McCormack, 1972).
It is a common process in everyday life and one that is readily subject to
experimentation. In the recognition task that we have been investigating, the
subject must decide whether or not a given test stimulus is a member of a
predefined set of target items. For any set S of stimuli, a subset S, is defined
that is of size d. Stimuli in S, will be referred to as target items; subsct Sq is
the complement of S; with respect to S, and its members will be called
distractor items. The experimental task involves a long series of discrete trials
with a stimulus from § presented on each trial. To each presentation the
subject makes either an A, or A, response, indicating that he judges the
stimulus to be a target or distractor item, respectively. _

The target sets in our experiments involve fairly long lists of words (some-
times as many as 60 words) that are thoroughly memorized by the subject
prior to the test session, During the test session individual words are pre-
sented, and the subject’s task is to respond as rapidly as possible, indicating
whether or not the test word is'a member of the target set. Errors arc in-
frequent, and the principal data are response latencics (i.e., the time between
the onsct of the test word and the subject’s response). The iength of the
target list and other fcatures of the experimental procedure prevent the sub-
ject from rehearsing the list during the course of the test session, thus requiring
that the subject access LTS in order to make a decision about each test word.

In some respects this task is similar to that studied by Sternberg (1966) and
others. In the Sternberg task, a small number of items (e.g., 1 to 6 digits) are
presented at the start of each trial. inaking up the target set for the trial, The
test item is then presented, and the subject makes an A, response if the item
is a member of that trial's target set, or an A, otherwise. In the Sternberg task
the subject does not nced to master the target set, for it is small and can be
maintained in STS while needed. This type of short-term recognition experi-

! See, for example, a collection of papers concerning models of memory edited by Norman
(1970).
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ment differs then from our long-term studies in terms of the size and mastery
of the target set. The data from the two types of studies are similar in many
respects, but there are some striking differences. In both types of studies,
response tateney is an inereasing lincar function of the size of the target sct;
however, the slope of the function is about 5 msec per item in the long-term
studies, compared with about 35 msee in the short-term stucdies. Other points
of comparison will be considered later.

From a varicty of long-term recognition studies we have achieved a better
understanding of how information is represented in memory and how it is
retrieved and processed in making response decisions. A model based on this
work is formally dcveloped in the next section. First, however, a more
intuitive account is given, :

Consider the case in which the target sct consists of a long list of words
that the subject has thoroughly miemorized prior to the test session. The
initial problems are to postutatc mechanisms by which this information is
used to distinguish target words from distractors. It is assumed that every
word in the subject’s language has associated with it a particular long-term
memary location that we refer to as a node in the lexical store (Miller, 1969;
Rubenstein, Garfield, & Millikan, 1970). When a word is presented for Lest,
the sensory input is encoded and mapped onto the appropriate node. This
process is essential in identifying or naming the test stimulus as well as in
retrieving other information that is assoctated with the item. Figure 2 shows
a representation of a single node in the lexical store (panel A), along with an
example of an associative network by which various nodes arc interconnected
{panel B). Each node is a functional unit representing a single word or concept
(such as the relational concepts ‘to the left of.’ ‘above,’ or concepts dealing
with size and shape). A variety of nodes and their associations in the lexicon
is necessary in accounting for language use and other symbolic behavior
(Schank, 1972), but for our purposes we need only consider nodes that cor-
respond to potential test words.

At each node is stored an array of codes. The input codes represent the
end results of the encoding processes that operate on the auditory, pictorial,
or graphemic information in the sensory register. These codes serve as means
to access the appropriate node in the lexicon. Internal codes arc alternative
-representations of the stimulus word that can be used to locate the item if it
is stored elsewhere in memory. The internal codes can be of various types;
they may be abstract pictorial or auditory images, a list of semantic-syntactic
markers, predicate relations, etc. Information recorded in memory involves
an array of internal codes, and the same object or event may be represented
by different codes depending on the memory store involved and related
information, Finally, output codes, when entered into the response generator,
permit the subject to produce the word in various forms (oral, written, etc.).
The property of lexical nodes that allows transformation from one code to
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(A)

{B)

FIGURE 2.

A schematic represemtation of the lexical store, Panel (A} illustrates a
hypothetical node in the lexicon with associated input codes [(1) auditory,
(2) pictorial, (3} graphemic!, output codes (4} wrillen, (5) spoken,
(6) imaged |, and internal codes [(7) acouwstical code for $TS., (B) imaginal
code for LTS, (9) verbal code for LTS). Panel (B) itlustrates a subset af
nades in the lexicon, with dashed lines indicating codes that are shared
by more than one lexical node, For exampie. depending on an individual's
expurience, the nodes for mare and stallion could share a common internal
code; if this code is used (along with others) 1o represent a particular
episade, then information about the horse’s sex will not be recorded in
MCmory.
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another has proved uscful in other theorics of memory, most notably in the
logogen system of Morton (1969, 1970).

It is possible that information stored at the node representing the test
word could lead directly to the decision to make an A; or A, response. This
would be the case if, for example, each node corresponding to a target word
has associated with it a marker or list tag that could be retrieved when the
item is tested (Anderson & Bower, 1972). We take the alternative view,
however, that information contained in the lexical store is relatively isolated
from those parts of the memory system that record the occurrence of partic-
ular events, expericnces, and thought processes. The lexical store contains
the set of symbols used in the information-handling process, and the various
codes associated with each symbol; these codes are the language in which
experiences are recorded, but the actual record is elsewhere in memory. Thus,
memorizing a list of words involves extracting appropriate codes from the
lexicon and organizing these codes into an array to be recorded in a partition
of LTS scparate from the lexical store. There is no direct link between a word's
node in the lexicon and its representation in the memory structure for the
word list; to establish that a word is 2 member of the memorized list involves
extracting an appropriate code from the word’s lexical node and scanning it
against the list for a possible match. .

Thus, LTS is viewed as being partitioned into a lexical store and what we
call the event-knowledge store (E/K store). As noted above, the lexical store
maintains a set of symbols and codes that can be used by the subject to
represent knowledge and the occurrence of particular events. When the
subject is confronted with new information, he represents it in the form of an
array of internal codes, and if it is to be retained on a long-term basis, that
array is recorded in the E/K store.? Our representation of words resembles
the model proposed by Kintsch (1970b), but differs from his model regarding
the representation of a memorized list. Kintsch assumes that acquisition of a
list involves increasing the familiarity or strength of an item in the lexical
store. Although we agree with Kintsch up to this point, we also propose that
the code or codes of a word in the lexical store are copied and placed in the
E/K store. The organization of these codes in the E/K store, as suggested by
Herrmann (1972), will depend on the particular study procedure used in
acquisition (e.g., serial order, an arbitrary pairing of words, or clustering by
a common meaning such as category membership). The division of LTS into

! In order to simplify the presentation, a sharp distinction has been made between the
lexical store and the E/K store. The distinction is satisfactory for the cxperiments treated
in this chapter. However, in gencral, we view LTS as a graded set of memorics; those de-
scribed here as lexical nodes represent one extreme, while cvent memories represent the
opposite extreme. The lexical slore evolves over a lifetime: by analysis of past memories
the individual develops new codes that make the storage of lutture events more economical.
Thus one’s history of experieiices determines the codes available in the lexical system and,
in turn, the ability to store different types of information (Atkinson & Wescourt, 1974).
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A schematic representation ol the search and decision processes in long-term recognition
memory. A test stimulus is presented (1) and then encoded and matched to the node in the
lexicon (2). The familiarity index associated with the node may lead to an immediate
decision {3) and in turn generate a response (6). Otherwise an extended search of the stored
target list is initiated (4), which cventually leads to a decision (5) and a subscquent response
(6). Path (1), (2), (3), (6) results in a faster response than path (1), (2), (4). (5), (6), and the
response that is independent of target-set size,

a lexical store and an E/K store is simiiar to the distinction made by Tulving
(1972) between semantic and episedic memory. In Tulving's taxonomy, the
lexical store would be classified as semantic memory. The E/K store, however,
might be classified by Tulving as either semantic memory or episodic memory,
depending on the type of information in the E/K store. To Tulving, onc's
memory for a list learncd in a psychology experiment constitutes an episodic
memory, but the knowledge one learns in a chemistry course (such as the
periadic table of elements) constitutes a semantic memory.- [t is maintainecl
here that both kinds of information are held in the E/K store and are treated
by the memory system in essentially the same manner (Atkinson & Wescourt,
1974),

Figure 3 presents a summary of the processes involved in recognition
memory for words that are members of a list stored in long-term memory.
When the test word is presented, it is encoded into an input code that allows
direct access to the appropriate node in the lexical store, Although the node
does not coutain a tag or marker indicating list membership, it will be as-
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sumed that by accessing the node the subjeet can arrive at an index of the
test word’s famifiarity. The familiarity valuc for any node is a function of the
time since that node was last accessed relative to the number of times
the node had been accessed in the past. Infrequently occurring words receive
a large increasce in familiarity after a single test, whereas the test of a frequent
word results in only a small increase in its familiarity. The familiarity value
for any word is‘assumed to regress to its base value as a function of time since
the last aceess of the node.”

In recognition experiments of the type described above, the familiarity
value of a word sometimes can be a [lairly reliable indicator of list member-
ship. Tt will be assumed that, when the subject finds a very high familiarity
valuc at the lexical node of the test word, he outputs an immediale A, re-
sponse; if he finds a very low familiarity value, he outputs an immediate Aq.
If the familiarity value is intermediate (neither low nor high). the subject
extracts an appropriate code for the test word and scans it against the target
list in the E/K store. Il the scan yields a match, an A, is made; otherwise A,.
The recognition process sketched out above is similar to that proposed by
Mandler, Pearlstone, and Koopmans (1969). In the next section, these ideas
are quantificd and tested against data involving both error probabilities and
response latencies,

A MODEL FOR RECOGNITION

Several special cases of the model to be considered here have been presented
clsewhere (Atkinson & Juola, 1973; Juola, Fischler, Wood, & Atkinson, 1971
Atkinson, Herrmann, & Wescourt, 1974). These papers may be consulted for
further intuitions about the model, as well as for applications to a variety of
experimental tasks.

It is assumed that each node in the lexicon has associated with it a famil-
iarity measure that can be regarded as a value on a continuous scale. The
familiarity values for target items are assumed to have a mean that is higher
than the mecan for distractors, although the two distributions may overlap.
In many recognition studics (e.g.. Shepard & Teghtsoonian, 1961), the target
sct is not well learned and involves stimuli that have received only a single
study presentation. Under these conditions the familiarity value of the test

1 Familiarity as used here 1s not specific 1o particular events, It can be viewed as a rever-
beratory activity that dissipates over time. Whenever a node is accessed, i is set in motion,
The amount of reverberation and its time course depend on the prior reverberation of the
nade and the reverberatory activity at neighboring nodes (Schvaneveldt & Meyer, 1973).
When a node is accessed, the system can gauge the current reverberatory level of that node
and use the measure as an item of information.
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stimulus leads directly to the decision to make an A, or A, response; that is,
the subject has a single criterion along the familiarity continuum that serves
as a decision point for making a response. Familiarity values above the
criterion lead to an A, response, whereas those below the criterion lead to an
Ag response (Banks, 1970; Kintsch, 1967, 1970a, 1970b; Parks, 1966 ; Shepard,
1967). '

The studies that we consider differ from most recognition experiments in
that the target stimuli are members of a well-memorized list. In this case, it
is assumed that the subject can use the Familiarity value to make an A, or Aq
response as soon as the appropriate lexical node is accessed, or can delay the
response until a search of the E/K siore has confirmed the presence or
absence of the test item in the target set. These processes are shown in the
flowchart of Figure 4. When a test stimulus is presented, the subject accesses
the appropriate lexical node and obtains a familiarity value. This value is
then used in the decision either to output an immediate A; or A, response (if
the familiarity is very high or very low, respectively) or to execute a scarch
of the E/K store before responding (if it is of an intermediate value).

A schematic representation of the decision process is shown in Figure §.
Here the distributions of familiarity values associated with a distractor item
and a target item are piotted along the familiarity continuun (x). If the initial
familiarity value is above a high criterion (¢} or below a low criterion (co),
the subject outputs a fast 4, or A, response, respectively. If the familiarity
value is between ¢ and ¢, the subject searches the E/K store before respond-
ing; this search guarantees that the subject will make a correct response, but
it takes time in proportion to the length of the target list.

On the nth presentation of a given item in a test sequence, there is a density
function reflecting the probability that the item will generate a particular
familiarity value x: the density function will be denoted ¢ ..(x) for target
items and ¢o..(x) for distractor items. The two functions have mean values
i1,n And po,a, respectively. Note that the subscript # refers 1o the number of
times the item has becn tested, and not to the trial number of the experiment.
The effect of repeating specific target or distractor iterus in the test sequence
is assumed to increase the mean familiarity value for these stimuli. This is
illustrated in Figure 6 where y; » and un.» shown in the bottom panel (7 > 1)
have both been shifted to the right of their initial values u;, and g, shown
in the top panel. The effect of shifting up the mean familiarity values is to
change the probability that the presentation of an item will result in a search
of the E/K store.

We can now write equations for the probabilitics that the subject will
make a correct responsc to target and distractor items. As shown in Figure 5,
it is assumed that the subject will make an error if the familiarity value of a
target word is below ¢, or if the familiarity of a distractor is above ;. 1n all

247



Test stimulus
presentation

Stimulus encoding and access
fo items
familiarity value

Familiarity
value leads to decision
to respond immediately

Execute search of the
E/K STORE to deter-
mine whether stimulus is
member of target set

Activaie response
generator

Response
output

FIGURE 4.
Flowchart representing the memory and decision stages involved in recogaition.

other cases, the subject will make a correct response. Thus the probability of
a correct response to a target word presented for the #th time is the integral
of ¢1,.{x) from co to «:

P(A| Si.0) = fm ® era(x)dx = | — &..(co). ()

Similarly, the probability of a correct response to a distractor presented for
the nth time is the integral of ¢g 4(x) from — to ¢;:
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Distributions of familiarity values for distractor items, ¢alx), and target ilems, éx).

PlAo| Sum) = [ dun(x) dx = do.(cy). 2)

Note that $(- ) designates the distribution function associated with the density
function ¢(x).

In deriving response latencies, we assume that the processes involved in
encoding the test stimulus, retricving information about the stimulus from
memeory, making a decision about which response to choose, and emitting a
response can be represented as successive and independent stages. These
stages are diagrammed in the flowchart in Figure 7. When the test stimulus
is presented. the first stages involve encoding the item, accessing the appro-
priate node in the lexical store, and retrieving a familiarity value x. The times
required to execute these stages are combined and represented by the quantity
¢ in Figure 7. The next stage is to arrive at a recognition decision on the basis
of x; the decisien time depends on the value of x relative to ¢» and ¢y, and is
given by the function #(x). If ¥ < ¢,, a negative decision is made; il x > ¢,
a positive decision is made. If ¢ < x € ¢, a scarch of the E/K store is
required. The time for this search is assumed to be a function of d, the size
of the target set: namely, « -+ 0.(d). In this equation, « denotes the time to
cxtract an appropriate search code from the lexical node and initiate the scan
of the target list; 8,(d) is the time to exccute the scan and depends upon d
and upon whether the test item is a target (i = 1) or a distractor (i = 0).
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Distributions of familiarity values for distractor items and target items
that have not been tested (Panel A), and that have had at least onc
priot test (Panel B). :

The final stage is to output a response once the decision has been made, the

response time being ry for an A, response and r, for an A4, response.* The -

. quantitics £, n(x), x, 8.(d), and r; are expected values for the times necessary
to execute each stage. If assumptions are made about the forms of the
distributions associated with these expected values, then expressions for all
moments ol the latency data can be derived. Their derivation is complicated
under some conditions of the model, but under others it simply involves a
probabilistic mixture of two distributions; that is, the times resulting from

* The successive and independent stages of the process, as represented by the blocks in
Figure 7, should be regarded as an approximation to the true state of atTairs (Egceth, Marcus,
& Bevan, 1972). Psychological and physiological considerations make it doubtful that the
phenomena considered here are composed of truly independent stages, but stage models
tend to be mathcmatically tractable, and thus are useful analytic tools.
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fast responses based on the familiarity valuc alone and times resulting from
slow responses based on the outcomie of the extended memory search, In
this chapter. however, we only make assumptions about the expected value
for each stage, thereby restricting the analysis to mean response data,

We let 1(A, | S;.») denote the expected time for an A, response to the ath
presentation of a particular stimulus drawn from set S, (i, j = 0, 1). Expres-
sions can be derived from these quantities by weighting the times associated
with each stage by the probability that the stage occurs during processing.
Thus, for example, the time 10 make an 4, response to the #th presentation
of a given target item (S)) is simply the time required to cxecute a response
based on the familiarity value alone plus the time to exccute a response based
on a search of the E/K store, each weighted by their respective probabilities.
If x is the familiarity value, then the time for a fast A, response is £ -+ r(x) +
. if, however, a scarch of the E/K store is made, then response time is
£+ v(x) + x 4+ 6,(d) + ri. The weighting probabilitics must take account
of the fact that we are concerned with the time for an A, response, conditional
on its being correct. The probability of a fast A, response, conditional on the
fact that it is correct, is the integral of ¢, .(x) from ¢ to =, divided by the
probability of a correct A, response (the integral of ¢ .(x) [rom ¢, to =),
Similarly, the probability of a slow A4, response, conditional on the fact that
it is correct, is the integral ¢, .(x) from ¢, ta ¢, divided by the integral of
#1..(x) from co to . Thus the expected time for an A, response to the nth
presentation of a particular target item is

[ 16+ o0 + ridonat dx ]| [ naoy x|
+ [ [ 1+ 50 + x + ) + rdeatir x| [ et ax ]

Note that £ and r, may be removed {rom under the integral. Doing this and
rearranging terms yields

HAy | Sim) = £+ + [ j' " ()6 dx

[T+ 0y + 50 }a) dx ][ 1 — Bren) | )

where again &(- ) denotes the distribution function associated with the density
function ¢{x). Similarly,

HAo} Sow) = €+ o+ [ [ oxdgo.nx) dx
+ [ [ + 0 + 1000)60.a(x) dx ][ Bonlen)] ')
o | Si) = £+ 7o+ [ [ oxn.00) dx |[ #1075 ©)
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I(Al | Sn.n) ={+n+ I:]:: ‘L‘(—’C)ﬁbn.:.(.k) dx][] — -‘T.O.n(('])]_l (6)

Equations 3 and 4 are the expected times for correct responses, and Equations
5 and 6 are expected times for incorrect responscs, to target and distractor
items, respectively.

In fitting the model to data, we assume that ¢, .{x) is normally distributed
with unit variance for all values of / and ». Thus, the presentation of an item.
causes the distribution to be shifted up without changing its form or variance.”
No assumptions are made about how u;,, changes with n. Several assumptions
seem recasonable on an a priori basis; rather than select among them, we
bypass the issue by estimating u: .. from the data for each value of #n. This
approach is practical because the range on » is small for the experiments
considered here.

1t should be remarked that the criteria co and c; are set by the subject. In
the initial stages of an experiment, they would vary as the subject adjusted
to the task, but it is assumed that in time they would stabilize at fixed valucs.
Again, no theory is given of how ¢ and ¢, vary over initial trials, and thus
data for the carly stages of an experiment are not treated.

Yet another simplifying assumption should be mentioned at this point.
Equations 1 and 2 indicate that errors are determined by the values of g, .,
co, and ¢,. In the experiments examined in this chapter, there is no cvidence
to suggest that error rates vary as a function of 4, the size of the target list.
Thus, in treating data we assumie that g, ., ¢, and ¢, are independent of 4.
Experimental procedures can be devised where this assumption would be
violated (sce Atkinson & Juola, 1973), but for the studies discussed here it is
warranted.

What remains to be specified are the functions r(x) and 8,(d). It is assumed
that v(x) takes the following form:*®

pe— -8 for x > ¢,
r(x) = p, foree < x< ¢y, N
lpe““ -8, for x < ¢

Figurc 8 presents a graph of the equation. If the familiarity value x is far
above the upper criterion or far below the lower criterion, the decision time
approaches zero; for values closc to the criteria, the decision time approaches
p. A special case of interest is when § = 0; namely,

Hx) = p. (8)

# The assumption that only the mcan and not the form of the distribution changes is
made primarily 1o simplify the mathematics. Other assumptions, such-as those considered
by Suppes (1960) for a different problem, seem equally plausible and should be investigated
in formulating a more general model of familiarity change.

& The »{x) function proposed here is similar to one investigated by Thomas (1971) for a
signal-detection task,
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In this case, the time to evaluate the familiarity valuc is constant regardless
of its relation to ¢, and ¢y.

The quantity #{d) represents the time to scarch the E/K store, and is
assumed to be a linear function of target-set size. For the most general case
we assume that scarch times on posilive and negative trials vary indepen-
dently: that is,

91(10 = (!d, (‘)a)
0d) = a'd. (9b)

As a special case of Equation 9, it is possible that the scarch times are identical
for target and distractor items:

0i(d) = 6{d) = ad. (10)

Alternatively, it might be that the length of the memory search is shorter on
positive trials than on negative trials. This situation would occur if the target
items are stored as a list structure, and portions of the list are retrieved and
scanncd as the subject seeks a match for the test stimulus. When a match is
obtained, the search ends: otherwise all the memory locations are checked.
The time for this process is

8(d) = al(d + 1)/2], (1la}
8ld) = od. (i1b)

The memory-search processes described by Equations 10 and i1 corre-
spond to thc exhaustive and self-terminating cases of the serial scanning
model proposed by Sternberg (1966, 1969b). While Sternberg’s models have
proved to be extremely valuable in interpreting data from a variety of
memuory-search experiments, good fits between the models and data do not
requirc that the underlying psychological process be scrial in nature. There
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are alternative models, including parallel scanning models, that arc mathe-
matically equivalent to those proposed by Sternberg and yicld the samie
predictions as Equations 10 and i1 {Atkinson, Holmgren, & Juola, 1969;
Murdock, 1971; Townsend, 1971; Shevell & Atkinson, 1974). Thus, the use
of the above cquations to specify the time to search the E/K store does not
commit us to either a serial or parallel interpretation.

EFFECTS OF TARGET-LIST LENGTH
AND TEST REPETITIONS

The first experiment we consider was designed primarily to replicate two
earlier experiments, as well as to provide a large data base with which to test
the model. Juola et al. (1971) demonstrated that recognition time is a straight-
line function of the number of items in a large (10 to 26 items) target set: as
the number of items in the target sct increased, response latency increased
linearly for both positive and negative trials. A second experiment (Fischler &
Juola, 1971) showed that response latency depends on whether or not the
test stimulus has been presented previously. The response latency for a
repeated target item was more than 100 msec less than the latency for a target
on its first presentation. For a distractor, repetitions increased latency, with
reponse time being about 50 msec greater for a repeated distractor than for
one receiving its first presentation.

Our study also included repeated tests of target and distractor items, and

“three target-list lengths were used. Groups of 24 subjects each were given
lists of either 16, 24, or 32 words. Each list was constructed by randomly
sclecting d words from a pool of 48 common, one-syllable nouns. The words
remaining in the pool after each list had been sclected were used as the
distractor set {Su) to accompany that target sct (S;). Each subject was given a
list about 24 hours before the experimental session, and instructed to memo-
rize it in serial order.

At the start of the test session, each subject successfully completed a
written serial recall of the target list. The subject was then seated in front of
a tachistoscope, in which the test words were presented one at a time. To each
prescntation the subject made either an 4, or A. response by depressing one
of two telegraph keys with his right forefinger. The experimental procedure
was identical to that of Fischler and Juola (1971).

The test sequence consisted of 80 consecutive trials that were divided into
four blocks. For Block I, four target words and four distractors were ran-
domly selected (rom S; and Sa, respectively. For Block 11, the cight Block ]
words were repeated, and four new targets and four new distractors were
also showi, Block Il included all the words presented in Block 11 with eight
new words added (four targets and four distractors). Finally, Block IV
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included all the words of Block 1T and cight new words (the remaining unused
target and distractor items). Order of presentation within blocks was
randomized.

With this method of presentation, 16 target words and 16 distractors were
presented to each subject, The test words thus included all of §; for subjects
with lists of 16 words. For the other groups, the 16 target words tested were
either the first or last 16 words in the 24-word lists, or they were the first.
middle, or last 16 in the 32-word lists. It should be pointed out that the
specific part of the target list that was tested during the experimental session
had no effect on response times or error rates. Thus, no further distinction on
which part of the target list was tested is made between groups of subjects.
The lack of any effects due to the list part that was tested is not surprising
when it is noted that in several previous experiments (Atkinson & Juola,
1973; Fischler & Juola, 1971; Juola et al., 1971) no effects were observed due
to the serial position of the target word, that is, positive response latencies
plotted against the target words’ serial position yiclded a flat function. The
overall effect of list length on latency is also uninfluenced by the testing
scheme used; the magnitude of the list-length effect obscrved in this study is
the same as in studies where all items of each list are tested (Juola et al., 1971).
The procedure used here has the nice feature that the test sequence is the
same for all groups, the only difference among groups being the length of
the list memorized prior to the test session. The subjects who memorized the
longer lists were not told that only part of the list would be used, and in the
debriefing session at the end of the experiment no one commented on the fact
that some items were not tested.

The mean latencies {or correct responses are presented in Figure 9; the
data are from the last two trial blocks only (Blocks 11l and [V). The effects
shown in Figure 9 were also obtained in Trial Blocks I and II; however,
response times were somewhat greater on these trials, presumably due to
practice effects. The data from Blocks 111 and 1V were very similar and will
be regarded as representing asymptotic performance. In another paper
(Atkinson & Juola, 1973), we used the model to make predictions about all
the data, including practice effects, for a similar experiment, but here we are
concerned only with the data presented in Figure 9. As shown in Figure 9,
means were obtained separately for A, and A, responses to test words that
were presented for the first, second, third, and fourth times(n = 1, 2, 3, or 4).
Because, within blocks, the presentation number was randomly ordered, the
effects shown in Figure 9 are attributable only to the prior number of times
the test word had becn presented. In general, the results closcly replicate
the findings of earlier studies. By comparing the mean latencies as the
presentation number increases from one to four in Figure 9, it can be seen
that the targets and distractors yield opposite effects. Repetitions decrease
response latencies for targets, and increase latencies for distractors. The line
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FIGURE 9.

Correct responsc latencies as functions of presentation
number for target and distractors for three list-length
{«/) conditions: the lop panel presents data for 4 = 16, .
the middle panel for ¢ = 24, and the bottom panc)
for & = 32. The broken lines fitted to the data repre-
sent theoretical predictions.
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Correct response latencies and error percentages as functions of target-list length;
the data represent a weighted average of responsc lalencies Irom Trial Blocks 111
and IV, The left panel presents data for initial presentations of target and distractor
words, and the right panel presents the data for repeated presentations. Incorrect
responses to target words are indicated by the shaded bars, and errors to distractors
by the open bars. The straight lines fitted to the data represent theoretical predictions.

segments fitted to the data were generated from the model and are discussed
later. ’

The data from Figure 9 are replotted in Figure 10 so that mean response
latencies are presented as functions of target-list length, The left panel includes
the data for items receiving their first presentations {n = 1), whereas the right
panel presents the average data for repeated presentations (n = 2, 3, and 4)
weighted by the number of observations for each value of nn. Again the effects
of repetitions are evident; repetitions decrease latcncy on positive trials by
more than 100 msec, whereas repetitions inercase negative latencies by about
50 msec, on the average. Similarly, repeated tests decreased errors to target
words (shaded bars along the lower axis), and rcpetitions increased errors to
distractors (open bars). The linear functions fitted to the data in Figure 10
are discussed later.

The number of target words affected response latency, with mean latency
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being an approximately linear function of target size. By way of contrast,
note that error rates do not increase with the number of target words, but are
relatively constant across the three list lengths. Further, an examination of
error latencies showed that there was no effect of list length on the speed of an
incorrect response.

Perhaps most interesting, however, is the interaction between target-set
size and the effects of repetitions. For target words, repetitions decrease the
size of the list-length effect; that is, the slope of the function relating mean
response latency to target-list length is less for repeated targets than for
initially presented targets, The opposite is true for distractors; repeating
distractors increases the slope of the latency function.

A discussion of these results is postponed until the end of the next section.
We first demonstrate how parameters can be estimated and the model fitted
to data.

THEORETICAL ANALYSIS OF THE
LIST-LENGTH EXPERIMENT

There are several approaches that can be taken to estimate parameters. The
method used here is not the most efficient, but it has the merit of being quite
simple. It involves using the error probabilities to estimate the pu;.s. The
estimates of the u;,s are then substituted into the latency equations and
treated as fixed values. The remaining parameters are estimated by selecting
them so that the differences betwecn observed and predicted fatencies are
minimized.? .

Table 1 presents observed error probabilities for target and distractor items.
These probabilities were obtained by averaging over the three list-length
conditions, because there were no significant differences in error rates across

TABLE 1
Observed error probabilities
for targets and distractors

Pldo| Sin)  P(A| San)

n= 0.17] 0.005
=2 0.016 0.039
n= 0,014 0.049
n=4 0007 0.049

T There are methods that permit simultaneous estimates of all parametcrs, but practical
limitations make them unfeasible except in special cases (see Atkinson & Juola, 1973).
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groups. We use these data and Equations 1 and 2 to estimate the g, 5. For
example, P(As | 8;.1) = by {ew) from Equation 1, and the observed value for
this probability is 0.171 from Table 1. Consulting a normal probability table,
= ¢+ 0.95 in order for the error rate to be 0.171. Similarly p . =
o+ 2,14, ws = ¢+ 2.20,and g4 = co.+ 2.46, using the remaining error
data in the first column of Table 1. Procecding in the same way, using Equa-
tion 2 and the error data in the second column of the table, we obtain pg ; =
¢ — 238, poa=01— L76, pes=c — 166, and pyy = ¢, — 1.66. Thus
the observed error probabilitics fix the estimates of g, , in terms of s, whereas
Ho_» i$ in terms of ¢y. [t can be shown that the theoretical predictions for error
probabilities and latencies do not depend on the absolute values of ¢y and ¢,
but only on their difference. Thus, one or the other can be set at an arbitrary
value. For simplicity, we let ¢ = 0: note that no matter what value is selected
for ¢\, the error data will be fit perfectly. By setting ¢, equal to zero and by
assuming unit variance for the ¢-distributions, we have in cssence defined
the zero point and measurement unit for the familiarity scale.

With ¢p = O and the u; .8 restricted by the error data, the remaining param-
eters can be cstimated from the latency data. Six special cases of the general
model are used to fit the latency data. As indicated in Table 2, the cascs differ

TABLEF 2
Six models defined in terms of the functions #(x) and 8,(e/)

8.(cl)
wx) Eqguation 9 Eguation 10 Equation 11
Model | Model I Modei 111-
o L] )
+et+nr) (+p+r) L+ p+n)
Equation 8 r r r
K K K
@ o a
o
Model 1V Model v Model VI
€ o] []
e+ nr) (4 r) £+ r}
r r r
Iiquation 7 x . X
P P P
i} B 8
o [+ 1 o
ul

Note:r=r,—r,
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in how the functions »(x) and 8{(d) are defined. Equations 7 and 8 dcfine two
versions of n(x), and Equations 9, 10, and 1t define threc versions of 8,(d).
Listed in Table 2 are the parameters that must be estimated for cach case; the
parameter r is simply the difference between r, and ».. The parameters grouped
in parentheses cannot be individually identified--that is, the predictions of
the model depend only on the sum of these' parameters, which means that
they cannot be estimated scparately,® Note that the pair of models in each
column of Table 2 are equivalent il § = 0; thus the lower model in a column
must predict the data better than the one above it unless 8 is estimated to
be zero. Similarly, Model [ reduces to Model 11 and Model IVto Vifa = o';
Model I must be better than Il and Model [V better than V unless the esti-
mates of & and o' are jdentical.

Our method of parameter estimation involves the 24 data points in Figure
9. Parameter estimates are seclected that minimize the sum of the squared
deviations (weighted by the number of observations) between the data points
and theoretical predictions. Specifically, we define the root .mean square de-
viation (RMSD) betwecn observed and predicted values as follows:

24 172
RMSD = [(I/N) El ity — r.._.-)’] 3 (12)

where N = the total number of observations: i = an index over the 24 data
points shown in Figure 9; n; = the number of observations determining data
point i; f,; = predicted response latency for data point i; and 1.; = ob-
served response latency for data point /, :

For each of the six models, the function defined in Equation 12 is to be
minimized with respect to the parameter set given in Table 2. We have not
attempted to carry out the minimization analytically, for it appears to be an
impossible task; rather a computer was programmed to-conduct a systematic
search of the parameter space for each model until a minimum was obtained.?
The minimum RMSDs obtained are shown in Table 3, along with the number
of parameters estimated in the computer search for each model. Models 111
and VI clearly yield the poorest fit and can be eliminated from contention.
The fact that Models I and 1I are about equally good-- as are Models 1V and
V—indicates that separate estimates of « and a’ do not substantially improve
the goodness of fit. The conclusion to be drawn from this observation is that
the time to search the E/K store is approximalely the same for both targets
and distractors. Note also that Models | and 1V are about cqually good, as
are Modecls Il and V, suggesting that the more complicated »(x) functions

® Prool of this remark is straightforward and is not given here. Note that for Models 1.
11, and Tl the parameter o is not identifiable but is lumped in the quantity (f + p + r).
whereas for Models IV. V, and VI p is identifiable and only (£ 4 ) is lumped.

¥ For a discussion of such search procedures, see Wilde (1964).
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TABLE 3
Minimum RMSDs obtained in computer scarch

Model  Minimum RMSD  Number of paramecters estimated

| 9.93 6
11 9.94 5
i1 10.89 5
v 9.86 8
v 9.92 7
Vi 10.34 7

yield little improvement over the constant function. Add to these observations
the fact that Model I1 with only five parameters produces virtually as good
a fit as does Model 1V with eight parameters.

In view of the preceding considerations, Model I is our preferred choice
among the six modcls. Table 4 presents the parameter estimates for Model 11;

TABLE 4
Parameter estimates
for Model I1

Parameter Estimate
[4] ].02
E+p4rn) 687 msec
r 44 msec
X 137 msec
a 9.9 msec

Note:r=r,—r,

the predicted response times from this model are shown in Figure 9 as con-
nected lines. The straight lines shown in Figure 10 are the predicted. functions
based on Mode! 11 for initial presentations (left panel) and repeated preseri-
tations (right pancl). The fits displayed in Figure 10 could be improved upon
somewhat, but it should be kept in mind that they were obtained by using

parameter estimates based on a different breakdown of the data (i.e., that
shown in Fig. 9).W

 Similarity factors not represented in the model could contribute (o the list-length effects
displayed in Figures 9 and 10. As the target sct increases in size, the probability that any
given distractor will be similar 10 a target item also increases. Visual (or graphemic) simi-
larity could affect the speed with which the appropriate lexical node is.accessed, leading to
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The latency of an error response should be fast according to the theory,
because errors can occur only if the subject responds before the extended
memory search is made, The data support this prediction, and they accord
well with the values predicted by Model 11. Specifically, the latency of an
error is close to the predicted value of £ 4+ p 4 ry = 731 msec for an §; item,
and close to £ 4+ p -+ r, = 687 msec for an S, item. Furthermore, as pre-
dicted by the model, the observed error latencies do not appear to be influ-
enced by the length of the target list.

‘A verbal interpretation of the results in terms of Model 11 reads as follows.
When a target item is presented for the first time, the probability that a
search of the E/K store will occur before a response is made exceeds the
probability that a fast positive response will be emitted on the basis of the
item’s familiarity value alone. The opposite is true for initial presentations
of distractors: most trials result in fast negative responses. Thus, the mean
latency is longer for initial presentations of targets than for initial presenta-
tions of distractors, and the list-length effect is greater for targets than for
distractors (because list-length effects depend only upon the search of the
E/K store). The effect of repeated tests of words is to increase the familiarities
of both targets and distractors. This results in an increased latency for re-
sponses to distractors, and a decrease in latency to targets; the magnitudes
of the list-length effects are observed to change concomitantly.!!

APPLICATION OF THE MODEL
TO RELATED EXPERIMENTS

Other experiments have been conducted to test various features of the theory.
One such study involved target scts in which any specific word was included

confusions of identification. Direct evidence of this possibility is reporied by Juola ct al.
(1971), who showed, among other things, that distractor words graphically very similar to
target items were responded to more siowly. In this experiment, no estimate can be made of
the contribution of similarity to the overall set-size effecl. However, results from several
long-term recognition studies indicate that both semantic and graphemic similarity cause
increased error rates as well as increased response latencies (Atkinson & Juola, 1973; Juola
et al., 1971). Because there were no differcnces in error rates aniong the three groups. it is
unlikely that a significant proportion of the list-length effects is aliributable to similarity
factors.

1 Variables other than those represented in the model influence familiatity. Of particular
importance is the effect of the number of intervening trials between successive tests on a
given item. Lag effects in response latency have been observed, with the magnitude of the
effect decreasing with lag for both larget and distractor items (Fischler & Juola, 1971,
Juolg et al., 1971). This phenomenon woukd be accounted for in the theory by assuming
that the familiarity of an item increases immediately alter presentation and then graduaily
declines over trials, To develop this idea mathematically would complicate the model. By
design, lags were relatively constant for the data treated here and need not be represented
explicitly in the model.
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once, twice, or three times in the list memorized prior to the experimental
session. If the number of occurrences of a word in the target list affects its
familiarity value. then both error rate and latency should be less for multiply
represented items than for items appearing only once in the list. If, however,
the word’s familiarity is unaffected by repctitions in the study list, then the
error rate should be the same for all target items; further, any latency cllects
would have Lo be due to a faster search of the E/K store for an item multiply
represented in the target list compared with one appcaring only once. The
results showed that error rate and response latency were less for items that
occurred two or three times in the list than for items included only once.
Model 11 was used to generate fits to the data, assuming that the expected
familiarity value of a target word is an increasing {unction of the number of
times it-was included in the target list; the search of the E/K store was postu-
lated to take the same time for all items. The model provided an excellent
fit to the data (Atkinson & Juola, 1973).

Other cxperiments have demonstrated the importance of scmantic prop-
erties of words in determining the familiarity value of an item. Juola et al.
(1971) reported that if synonyms of target words were used as distractors
both response latencies and error rates increased over the values obtained
for semantically unrelated distractors. Another experiment (Atkinson &
Juoia, 1973) provided target sets arranged into a tree structure to reflect the
semantic hierarchy from which the words were taken. During the test session
target words were selected either from a “dense’ portion of the hierarchy (one
of four nodes on a branch with up to four exemplar words under each node)
or from a ‘sparse’ portion (one of two nodes with only two exemplar words
under each node). The data showed that mean latencies for positive responses’
were less for targets from dense portions of the tree than for targets from the
sparsely represented regions. The results from these two experiments indicate
that the expected familiarity value of a word can be increased by testmg
semantically related words.

An experiment by Juola (1973) was designed to test the importance of
stimulus-encoding factors in determining an item’s familiarity value. The
subjects memorized a list of 48 common nouns and then were tested with
either words or simple outline drawings of the objects named by the words,
Both words and pictures were presented as targets and distractors, and all
items were tested twice. Of interest was the nature of the repetition effects
when the second test of an item was either identical in form (e.g., ‘CAT" fol-
lowed by ‘CAT’) or different (e.g., ‘CAT’ followed by a picture of a cat).
Repetition of the same pictorial form resulted in a faster encoding time;
repetition (whether in the same or a different form) also increased the famil-
tarify value of the items. The relative importance of these two effects was
estimated by comparing mean latencies for repeated targets and distractors
for the case in which the exact form of the stimulus was preserved on both

264



tests with the case in which different forms of the item were presented on
successive tests. The results showed that subjects were faster on trials in
which repeated items were presented in-the same form (word or picture) as
they had been shown on the first presentation. This was true for distractors
as well as for target items. However, there were no significant differences in
the error rates for items that were testéd with the same or different stimulus
forms on successive presentations. Thesc results indicate that the familiarity
value of an item is relatively independent of the form of the stimulus at the
time of test. However, the form of the stimulus does have an effect on encod-
ing time,

RECOGNITION MEMORY FOR ITEMS
IN SHORT-TERM STORE

The theory presented in the previous sections was originally formulated to
deal with recognition experiments involving large target sets stored in LTS,
It is possible, however, to extend the model to the case in which the target
set consists of a small number of items in STS. The results [rom experiments
using small memory sets have generally shown that response latencies are
linear, increasing functions of the number of target items, with roughly equal
slopes for positive and negative responses, A model used to account lor these
findings is the serial scanning process proposed by Sternberg (1966, 1969a,
1969b). According to Sternberg’s model, the subject encodes the test stimulus
into a form that is comparable to the internal representations of the target
items stored in STS. The encoded test item is scanned in serial fashion against
each of the memory items, and then a decision is made about whether or not
a match was obtained. The model predicts that latency will be a linear func-
tion of memory-set size, with both positive and negative responses having
the same slope but possibly different intercepts.

Whereas the Sternberg model has proved adequate in explaining the results
from many short-term recognition experiments, there are reports in the liter-
alure of systematic discrepancies between data and the model’s predictions.
It is not possible to review these results here (see Nickerson, 1970), but
variations from the model have involved departures frotn linearity in the
functions relating response latencics to target-set size, differences in slopes
between the functions obtained for positive and negative responses (including
cases in which the slope for positive responses is significantly greater than that
for ncgatives), serial position effects in the latencies of positive responses,
and trial-to-trial dependencies. These findings have led some authors (Badde-
ley & Ecob, 1970; Corballis, Kirby, & Miller, 1972) to proposc alternative
models for short-tcrm recognition memory, suggesting that response decisions
might be based solely on the test item’s memory strength. Strength models
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usually assume that there is a single criterion along the strength continuum;
values above this criterion Iead to positive responses. In addition, the decision
time is assumed to be greater for values near the criterion, and both the
criterion itself and the mean strength value of the target items are assumed
to decrcase as the number of targets increases.

[t is our view that the test item’s familiarity value (which in some sense
is comparable to a strength notion) may play the same role in the short-term
casc as it does in long-term recognition studies. List-length effects are still
to be explained in terms of a scan of the target set, but on occasion this
scarch may be bypassed if the test item's familiarity is very high or very low;
as in the long-term case, the probability of bypassing the target-set search
will depend upon the reliability of the familiarity measure in generating
correct responses.

The probability of bypassing the target-sct search should be minimal in
experiments using a small pool of items from which targets and distractors
arc to be drawn on each trial, as in the Sternberg (1966) study, which involved
only the digits O to 9. The reason is that, during an experimental session, all
items in the stimulus pool receive repeated presentations, and the resulting
high familiarity values become less and less uscful in distinguishing targets
from distractors; thus a search of the target set will be made on most trials,
resulting in large list-length effects. Support for this view comes from a study
by Rothstein and Morin (1972}, who reported much larger slopes for the
responsc-time function in a short-term scanning task when the stimuli were
selected from a small pool (10 words) than when selected, without replace-
rient, from a very large pool of words. For the small item pool, we assume
that repeated presentation increases the familiarity of all items to a uniformly
high level, thereby reducing its usefulness as a basis for responding. Thus,
the probability of executing a target-set scarch should be maximal, causing
the slope of the response-time functions to take on its maximum value.

Figure 11 presents a flow diagram of the processes involved in recognition
memory for items stored in STS. As in the case for target sets stored in the
E/K store (Fig. 3), the test item is first encoded and the appropriate node
in the lexical store is accessed, leading to the retrieval of a familiarity value
for the item. If the familiarity value is very high or very low, the subject
outputs a fast response that is independent of memory-set size. For inter-
mediate familiarity values, the subject retrieves an internal code for use in
scanning STS. Thus far, the processes proposed for short-term recognition
are identical with those of the long-term case. However, the internal code
used to search STS may not be the same ds that used in the long-term memory
search. For example, Kiatzky, Juola, and Atkinson (1971) provided evidence
that alternative codes for the same test item can be generated and compared
with cither verbal or spatial representations of target-sct items. After retricval
of the appropriate internal code, a search of the target list stored in STS is
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FIGURE 11.

A schematic representation of the search and decision processes in a short-term recognition
mermory study. A test stimulus is presented (1) and then matched 10 a node in the lexical
store (2). The familiarity value associated with the node may Yead to an inimediate decision
{3) and response output (6). Otherwise, a search code is extracted and scanned against the
target list in STS (4), which leads to a decision (5) and subsequent response. Path (1), (2).
(3}, (6) results in a fastet response than Path (1), {2), (4}, (5). (6), and the response is inde-
penclent of the size of the ST sel.

executed, and a response based on the outcome of this scan is then made.

An unpublished study conducted by Charles Darlcy and Phipps Arabie at
Stanford University was designed to assess the effects of item familiarity in a
short-term memory task. The familiarity values of distractor items were
manipulated to determine il this variable would affect the slopes and inter-
cepts of the function relaling latency to target-sct size, On each of a long
serics of trials, a target sct of from two to five words was presented audi-
torally, foliowed by the visual presentation of a single test word. The words
used in the target scts were different on every trial of the experiment; that is,
a word ance used in a target st was never used in any other target set. On
half the trials a word from the current target set was presented for test; these
trials will be designated P trials to indicate that a “positive response” is correct.
On the other half of the trials, a distractor (a word not in the current tarpet
set) was presented for test; these trials will be called N trials because a ‘nega-
tive responsc’ is correct. The distractor words were of three types: new words
never presented before in the experimeit (denoted N, because the word was
presented for the first time): words that had been presented for the first time
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FIGURE 12.
BDistributions of familiarity values for the three types of distractor items (Ny, Na, Nj)
and for target items (P).

in the experiment as distractors on the immediatety preceding trial (denoted
N, because the word was now being presented for the second time); and
words that had been presented for the first time both as a member of the
memory set and as a positive test stimulus on the immediately preceding
trial (denoted N,, because thec word was now being presented for the third
time). Thus there were four types of test items (N;. N.. N;, P), and we assume
that different degrees of familiarity are associatcd with cach.

Figure 12 presents a schematic representation of the four lamiliarity dis-
tributions, The density functions associated with the test word on an Ny,
N:, N;, or P trial are denoted ¢(x; Ny, ¢{x; N2}, é(x; N3}, or ¢(x; I), respec-
tively; as in the previous application, these functions are assumed to be
normally distributed with unit variance. Their expected values are denoted
By By By 20d gy, The quantity u, should be largest because the test word
on a P trial is a member of the current trial target sct and should be very
familiar; uy should be smallest because N; words are completely new; and
uty, and gy, should be intermediate because N, and N, words appeared on the
prior trial. The probabilities of errors for the four trial types are determined
by the areas of the familiarity distributions above ¢, for distractors, and below
co for targets; that is,

P(Error | N,) = fr‘ olx; Ny dx, fori=1,2,3; (13

P(Error [Py = [* 4(x; P)dx. (14)

Let us now derive expressions for reaction times in this situation. For sim-
plicity, only Model 1 of the preceding section is considered. To obtain gqua-

tions for response latencies, it is necessary to sum the time for the encoding
and familiarity-retrieval process (time £), the time [or a fast response decision
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based on the familiarity value alone (time p) weighted by its probability, the
time for a scarch of the memary list in STS (time « -+ «m. with m defined as
the size of the short-term target sct) also weighted by its probability, and the
time for response output {ry and r, for negative and positive responscs, re-
spectively). Thus, the expected time for a correct response is

IN)={l+r
+ [ ooxs Ny dx + [ (o + &+ amdgt; Ny d ] [ [ ot Noyax] ™

(15)
fori=1,2,3;and
(P)=°2+n
+ [[7 potx; Prex + [T G0+ x + emaCe Pyax] [ [7 s Pyax]
(16)

The expression #(N,) gives the time to respond correctly to an N, item, whereas
{(P) gives the time for a correet response to a P item. The preceding expres-
sions can be written more simply if we define

5t = [_[: o(x; N.-)d.r] [j_r; olx; N.)dx] i fori=1,23: _(l?)

s=[ [" ot Pyax] [ [7o0x:Pyax] ™ (18)

Then
KN = [0+ p+ ro] + si[k+am], fori=.1223: (19)
KP) = [f+ p + n] + s[k + am]. 20

The quantitics 7 and s are determined by the familiarity distributions and ¢,
and ¢o and are not influenced by m. Thus #(N,) and #(P) plotted as functions
of m yield straight lines with slopes oy} and «s, respectively.

The latency data from the experiment are presenied in Figure 13, Note
that latency increases with memory-set size and is ordered such thdt P is
fastest, and Ny, N, and N; are progressively slower, To it the model to these
dala, we procecd in the same way as we did for the long-term experiment.
The observed prebabilitics of an error on Ny, Na, and Ny trials were 0.008,
0.018, and 0.058, respeetively. Using these error probabilitics and Equation
I3 yiclds the following relations: py = ¢ — 2415 pg = ¢ — 2,100 uy, =
¢1 — 1.56. The probability of an error on a P trial was 0.028; using Equation
13 yiclds gp = oo+ 1.91. Sctting ¢y equal to zero leaves the following five
parameters to be estimated rom the latency data: ¢, (F 4 p -+ 1), 1. &, e,
where 7 is again defined as 7o — 1. An RMSD function equivalent to the one
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FIGURE |13,
Correct respanse latencies as a funetion of the size of the memory
set. The straight lines fitted to the data represent theoreticul
predictions,

presented in Equation 12 was specified for the 16 data points in Figure 13, and
a computer was programmed to scarch the parameter space for a minimum,

Table 5 presents the parameter estimates, and the theoretical predictions
arc graphed as straight lines in Figure 13, In carrying out these fits, 9 param-
eters were estimated from the data; however, there are 4 error probabilities
and 16 latency mcasures to account for. Thus 9 of 20 degrees of freedom
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TABLE §
Parameter estimates for the
short-term memory study

Parameter Estintate
(4] 2.52
(L4p+n) 499 msee
r 64 msec
£ 70 msec
e 33.9 msce

Nate:r=r,——r.

were used in the estimation process, leaving 11 against which to evaluate the
goodness of fit,

The results in Figure 13 indicate that the familiarity valuc of the distractor
item has a large effect, with the slopes and intercepts of the negative functions
increasing with their expected familiarity values. These effects are captured
by the model, which generally does a salisfactory job of filling the data. The
predicted slope of the #P) function is 24 msee, whereas the predicted slopes
for ((N:). 1{N,), and {(Ny) go from 18 msec to 22 msee to 28 msec, respectively.
If the subject ignored the familiarity measure and made a scarch of the
memory list on every trial, then all four functions would have a slope equal
to o, which was estimated to be 33.9 msec.!?

The results shown in Figure 13 support the proposition that familiarity
cffects play a role in short-term memory scanning experiments. Further, these
effects can be accounted for with the same model that was developed for
long-term recognition studies. [However, examination of the parameter esti-
mates for the short- and long-term cascs indicates that the time constants for
the two processes are not the same (sc¢ Tables 4 and 5). For example, the
time to initiate the extended search, «. is 70 msec in the short-term study
compared with 137 msec in the long-term study. In contrast, the scarch rate,
av, is 33.9 msec in the short-termi case and only 9.9 msec in the long-term case.
Thus, the search is initiated morc rapidly in the short-term case, but the
scarch rate is faster in the lang-term case. We will not pursue these com-
parisons here, but will return to them later.

“in the next section the model is generalized to an experiment in which tar-
get items were stored in cither STS or LTS, or in both. For this case, the
theory must be claborated to account for such possibilities as sequential or
simultaneous scarch of the two memory stores and changes in the decision

12 Similar fits were carried out using Model B, which involved estimating both o and o'
The estimate of «" was somewhal below that of o, but the goddness of fit was only slightly
improved over that obtained for Model 11, using one less parameter,

271



criteria, depending on whether the test item is potentially a member of a list
stored in LTS, in STS, or in both.

AN EXPERIMENT INVOLVING BOTII
LONG- AND SHORT-TERM TARGET SETS

Experiments by Wescourt and Atkinson (1972) and Mohs, Wescourt, and
Atkinson (1973) were designed to compare results for the cases in which the
subject maintained target sets in LTS, in STS, or in both. Figure 14 presents
a flow diagram for the case in which the test stimutus could be a member of a
tarpet set in either store. When the test stimulus is presented. it is encoded
and the appropriate lexical node is accessed. If the familiarity value associated
with that node is above the high critcrion or below the low criterion, a fast
response is cmitted. IT familiarity is of an intermediate value, the subject exe-
cutes an extended search of the two memory slores. Again, it is likely that
the internal representations of items in STS and the E/K store are different;

RESPONSE RESPONSE [ 3™~/ LEXICAL STORE !
OUTPUT GENERATOR \ !
S |
i 1
2 _::':::::::::_{
& ) @)|; /K STORE ;

|
s | e '.
E R STset Ay :
TEST N OE 19 | ey )
STIMULUS 0 ? | oy BRE |
Y o1 'O | Lems |

L 1
E L ! |
R | I
e e e e e e e = J
SHORT-TERM  LONG -TERM STORE

FIGURE 14. STORE

A schematic representation for the case where part of the target set is in STS and part is
in LTS. A test item is presented (1) and then matched (o its node in the lexical store (2).
The familiarity index of the node may iecad to an immediate decision (3} and response
output (7). Otherwise, an ST code and an LT code are extracted for the lexical node, and
then used to search STS and LTS (4). A decision aboul the test item is eventually made
based on the search of LTS (5) or of STS (6), and a response is output (7).
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thus, different codes of the test item must be extracted from the test item’s
lexical node before this scarch can begin. The scarch continues until a match
is obtained or until both sets are searched without finding a maich, and then
the appropriate response is made.

In the study considered here, two types of trial blocks were used. For one
type, designated the S Block, the target set consisted of only short-term items
(ST sct). For the other, the M Block, the target sct involved a ‘mix” of both
an ST set and an LT set. The ST set is distinguished from.the LT set in two
ways:

{1} The ST set was presented on each trial before the onset of the test
stimulus; it always involved a new set of words never before used in the
experiment. On the other hand, the LT set was thoroughly memarized
the day before the first test session and used throughout the experiment.
(2) The ST set contained a small number of words (1 to 4), which could
readily be maintained in short-term memory without taxing its capacity.
The LT set consisted of a list of 30 words (imemorized in scrial order)
stored in long-term memory.

The subjects were tested in three consecutive daily sessions (the data from
the first day are not included in the results reported here). Each session was
divided into M and S Blocks. On each trial of an M Block, 0 to 4 words (ST
set) were presented prior to the onset of the test word. On positive trials, the
‘test word was selected from either the LT set or the ST set if the ST set was
nonempty (load condition); or the test word was selected from the LT set if
there were no ST items (no-load condition). On negative trials, the test word
was not in either the ST or LT set and had never been used before in the
experiment. On each trial of the S Block, an ST set of from 1 to 4 words was
presented prior to the onset of the test stimulus; on positive trials a word
from the ST set was presented for test, and on negative trials a word never
used before was presented.

Trials in the S Block are like those in a short-term memory-scanmning experi-
ment and are referred to as S trials. The no-load trials of the M Block corre-
spond to those in a long-term recognition task such as the one reported
earlicr in this chapter: because tests invelve only the long-term target set,
these trials are called L trials. The load trials of the M Block require the sub-
ject to evaluate a test word against both an ST set and the LT sct, and they
are called M trials. Thus, S trials involve a pure {est of short-term memory,
L trials a pure test of long-term memory, and M trials involve a mix of both
short- and long-term memories.’® Figure 15 illustrates the various trial types.

1 Studies of this sort have been reported by Forrin and Morin (1969 and Doll {1971).
However, they have employed very small LT sets, and there is the possibility that the sub-
ject could enter the entire LT set into short-term memory on sonie or all of the trials. Thus
a complete separation of the long- and short-term searches might not have been achieved.
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member of " Aq
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FIGURE 15.
Liagram representing the three types of trials, In all blocks, distractors involve words
never presented belore in the experiment.

Figurc 16 presents the mean latencies of corrcet responses for the various
trial types. The straight lings fitted to the data represent theoretical predictions
and arc discussed later. In discussing these results, it is useful to adopt the
notation defiied in Table 6. In all cases these measures refer to the latency
of a correet response. The subscript on f indicates the trial type (S, L, or M);
the P in parentheses indicates that a positive response was correct (i.e., a
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FIGURE 16,

Mean response latencies as functions of ST-set size (#7) Tor the S Block (left panel) and the
M Block (right panel). The lincar functions fitted to the data are explained in the text,
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TABLE 6
Definition of notation

Notation Definition
1 P) Time for a positive response on an S trial
te(N) Time for a negative response on an S trial
h{P) Time for a positlive response on an L trial
n{N) Time for a negative response on an L trial

tu(P <— ST) Time for a positive response (o a test item from the ST set on an M trial
(P <—— LT) Time for a positive response 1o a test item from the LT sct on an M trial
ru(N) Time for a negative response on an M trial.

target item was prescnted for test), whercas N indicates that a negative re-
sponse was correct (i.e., a distractor was presented for test).

Inspection of Figure 16 shows that the observed values for f«(P), f=(N).
and ty(P «— ST) are all increasing functions of nr1, the size of the ST set.
In contrast, neither fy(P <~ LT) nor ty(N) appcars to be systematically
influenced by the size of the ST set. The presence or absence of an ST set
in the M Block, however, does have an effect, as is evident by comparing
responses on L trials with comparable ones on M trials. Specifically, note
that the four observed values for 1,,(P <— LT) are well above £;(P). and that
the four f(N) values are above 7, (N).

The model to be tested against these data assumes that the extended
searches are executed separately in STS and in the E/K store. The questions
to be asked involve the notion of whether the two memory stores are searched
sequentially or simultaneously. Figure 17 presents several flowcharts that
represent the differences between serial and parallel scarches of STS and the
E/K store. The diagram in Figure 17(A) represents the sequence of events
on an § trial and corresponds to the short-term recognition model presented

FIGURE 17. (facing page)
Flowcharts representing models for processing strategies in searching the memory stores.
The model for S trials is shown in Panel A; arrows (1) and (2) represcnt fast responses
based on familiarity alone, whereas (4) and {5) represent responses after a search of STS
has occurred. The model for L trials is shown in Pancl B and has the same interpretation
as Panel A except that the search involves the E/K store. Two alternative models for M
trials are presented in the bottom two panels. Panel C presents a parallel scarch. As before
(1) and (2) indicate fast responses based on familiarity: (3) and {(4) indicate that the searches
of STS and the E/K store are done simuftaneously. Lf the test item is found in the ST set
{3) or in the LT set {7), a positive response is made; if the item is not found in the 5T set
(6) the subject has to wait for a similar outcome from the search of the LT sct (%) before
a negative response can be made. In Panel D, a sequential search modet is presented lor
"M trials. The arrows {1) and (2) represent fast responses based on familiarity. When a
search is required, the ST sel is examined first (3). If a match is found, a positive response
is made (4); if not, the LT set is searched (5). When the LT-set search is completg, either a
positive (6) or negative response (7} is output.
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in the preceding scction. It assumes that initially the subject makes a fa-
miliarity estimate of the test item, and on this basis he outputs a fast positive
or ncgative response if its value is above the high criterion or below the low
criterion, respectively. Otherwise, the subject delays his response until a
search of STS has been made, the length of this search being a linear function
of m (the size of the ST set). Figure 17(B) represents the stages involved
on an L trial. Again, the subject can output a fast negative or positive re-
sponsc based on familiarity alone. Otherwisc he initiates a search of the E/K
store before responding; the time for this search is a linear function of d
(the size of the LT sct).14

For M trials there are at least two scarch strategies that suggest themselves.
First, it is possible that the subject might search both STS and the E/K store
simultancously, outputting a response when the test item is found or when
both stores have been scarched exhaustively without finding the target. This
strategy is represented in Figure 17(C). Alternatively, it is possible that the
two memory storcs are scarched sequentially. Because response time is less
to a test item from the ST sct than to one from the LT set, we assume that
STS is scarched first, as shown in Figure 17(D). For both of these M-trial
strategics, a fast response will be emitted before a search of cither store is
made il the retrieved familiarity value is above the high criterion or below
the low criterion. :

Examination of the data in Figure 16 indicates that the sequential model of
Figure 17(D) can be rejected. In this model, the scarch of the E/K storc
cannot begin until the STS scan has been completed. Because the length of
the STS search depends on the size of the ST set, the beginning of the search
of the E/K store and, in turn, ty(P <— LT) and 1y(N) should increase as
the ST set increases. The data in Figure 16 indicate that this is not the case;
both (P «— LT) and ty({N) appear to be independent of ST-set size. How-
ever, these data are compatible with a paraliel search model of the type shown
in Figure 17(C), if it is assumed that the rate of search in the E/K store is
independent of the number of ST items. In order to make a detailed analysis
of the models shown in Figure 17, we must derive theoretical equations and
fit them to the data.

THEORETICAL PREDICTIONS FOR THE
STS-LTS INTERACTION STUDY

The decision stage of the general model, as represcnted in Figure 5, must
be adapted to account for the experimental conditions of the experiment. Tt
is necessary to allow for differences in the decision process, depending on

" Throughout this chapter, d is used to denote the size of a long-term target set and m to
denote the size of a short-term target set.

278



whether the test item is potentially Iocated in STS only, in the E/K store
only, or in both. These differences may be included in the model either by
allowing the mcans of the familiarity distributions to vary as a function of
the trial type, or by allowing the decision criteria to change. For the present
analysis, we assume that the means of the familiarity distributions are con-
stant over all conditions. This scems to be the most parsimonious assump-
tion; familiarity should be a property of the test stimulus, but the subject
could be expected to adjust his decision criteria differently depending on
whether it is an S trial, an L trial, or an M trial. Three familiarity distributions
are specified: one associated with a test item drawn from the ST set; another
for a test item {rom the LT set; and the third for a distractor item, Thesec
distributions are assumed to be unit-normal, with cumulative distribution
functions dx(-), br(-). and &p(-), respectively. The means of the distributions
arc designated ug, p,. and p,, and they arc assumed to be fixed for the data
analyzed in this chapter. The reasons for fixing the means are the following:
distractor items and ST items appear only once during the experiment, and
thus repetition eflects on familiarity are not a factor: for the LT itcms, we
treat data only after these items have had several prmr tests, and their
familiarity should be closc to an asymptotic level, _

Figure 18 prescnts a diagram of the familiarity distributions as they apply
on §, L, and M trials. Note that the mean for each distribution is placed at
the same point on the familiarity scale, no matter what type of trial is in-
volved. Differences in the decision process arisc because the subject can set
his criteria at different values in anticipation of an 8, L, or M trial, This
possibility is indicated in Figure 18. The low and high criterion ‘values are
denoted as cox and ¢ s Tor S trials; as ¢y 1, and ¢, 4, for L trials; and as ¢y x
and ¢, m for M trials. How the subject scts the criteria depends on the trade-
off he is willing to accept between Speed and accuracy’; the nature of the
trade-off, of course, varics as a function of the trial type.

Notation comparable to that in Table 6 is used to denote error probabilities,
For example, Ex(P) denotes the probability of an error on an § trial for
which the correct response was positive. This probability is the tail of the 5T
distribution to the left of ¢ s in Figure 18, Table 7 presents theoretical ex-
pressions for the various types of errors.

As before. it is possible to derive equations for response latencies by weight-
ing cach stage of the process by the probability that it occurs, and then sum-
ming over stages. On every (rial the test stimulus must be encoded and the
appropriate node in the lexical store accessed; tine for this stage is £ and is
assumed to be the same for all trial types. Next, the subject must make a
decision based on the retrieved familiarity value; using Model LI, we assume
that this decision time is p and also is independent of the trial type. 1f a fast
positive or negative response is called for, bascd on the familiarity value, it
will be executed with time #, ‘or r,, respectively.
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FIGURE 18,
Distributions of familiarity values lor the three trial types.

When the familiarity value falls between the two criterion values, a search
of the stored target list or lists is required. The nature of this search depends
on the trial type because different internal codes may be used and different
memory stores scanned. Three classes are to be considered.

S trials. An ST code is extracted from the test item’s lexical node and
then is scanned against the target set in STS; the time to extract the code
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TABLE 7
Theoretical expressions for the probabilities of seven types of errors

S trials L trials M trials
Eg(P) = bg(co,8) E (P) = ®(cq,1) Eu(P «— ST) = dglce,u)
Eg(N) = 1 — &plerp) EN) = 1 — &lci1) En(P — LT) = &1ceu)

Ey(N) = 1 — &1fc1n)

is denoted as xs, and then time m- oy is required to scan the m items in
the ST set. 1

L trials, An LT code is extracted from the lexical node, which takes
time x,., and then is scanned against the d items in the LT set, which takes
time d-ay, (d in the experiment is 30).

M trials. Both an ST code and an LT code are extracted from the node,
and each is scanned against the appropriate list. The extraction of the two
codes takes time xu, and the respective scans take times m-ar and d- oa..
(Thus, a positive response to an ST or LT item takes time m-ax or d-ay,
respectively; 2 negative response takes time d-ai, because both lists
must be scanned, and the time is determined by the slowest scan which
always involves the LT set.)

Whichever of these three cases applies, a positive or negative respomse——once.
a decision has been made-—tequires time r, or ry, respectively.'?

In terms of these assumptions, we can derive expressions for the latency
of a correct response for each of the trial types. The derivation is similar to
that for Equations 15 and 16, and only the results are presented:

15(P) = (£ + p + 7) + Ss(xs + Mmas); (21a)
1s(N) = (£ + o + ry) + silxs + mes); 21b)
t(P) = (¢ + p + 1) + s, + den); (22a)

18 The parameters « and o are used here in the same way as in carlicr accounts of the
theory, The subscript indicates that « depends on the code(s) to be extracted, and « on the
memory store 1o De scanned.

18 1 i3 assumed thal o, is independent of the sjze of the ST set, and that any differences
in seanming the LT sel on L trials and on M trials is due (0 «, and xy. respectively. Inde-
pendent support for this assumption comes from a study that replicated the M-Block trial
sequence, except for the fact that all targets were drawn from the LT set. Suljects had to
maintain a set of items in STS (that varied from 0 to 4 words); however, they knew that the
test would involve cither an LT item or a distractor. Under these conditions the latency of a
positive response to an LT item and the latency ol a negative response 10 a distractor were
both constant as the ST-sct size varied from 0 to 4 (i.e., no change in latency occurred when
an ST set was or was not present), In this experiment the scan of the LT set was determined
by a;. and xi. on all trials; the parameter xy was not required because only the LT code had
to be extracted from the lexical node on both L trials and M 1trials.
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fl.(N) =l +p+ )+ .S';.(A'r, + deer ) (22b)

I(P«—ST)=({+p+r)+ Su slew + mexg); . (23a)
(P +— LT) = (£ + o+ 1) + sualsn + do): (23b)
(N) = {4+ p -+ 1) + slxn + devr). (23¢)

The s functions in thesc cquations represent the probability of an extended
search conditional on the occurrence of a correct response; they are com-
parable to those in Equations 17 and 18 and are given in Table 8.

TABLE B
Probability of an extended memory scarch
conditional on a correct response

s Tunction Theoretical expressions
Y [duleyn) — daley<) [T — duleg <)) !
-"; {duders) — duleo w) |[Prlep)]
5, [rfes, ) — Plen )i — Bifear)]!
5t [boler.1) — bukco.c) ! [idea)]
Su.m [@ulerm) — oo wd|[1 — Daleaw)i !
Sy [ufey w) — dilea mdi[1 — dyleam)] !
-";, [iderm) — dpfen v {Pulerm)i

In fitting the model to the data, we used a procedure somewhat different
from the one employed in the previous experiments, An RMSD function
comparable to that given in Equation 12 was defined, but it was composed of
two components that were weighted and summed. The first component in-
volved deviations betwcen the 7 observed and predicted error probabilities
of Table 7, and the second component involved deviatioris between the 22
‘observed and predicted latencies given by Equations 21 through 23. Param-
eter estimates were then obtained by using a computer to scarch the param-
eter space and obtain values that minimized the RMSD function; in the
search u;, was arbitrarily set at zero. The parameter estimates are given in
Table 9. Fifteen parameters were estimated {rom the data, but there are 7
error probabilities and 22 latency measures to be predicted: thus 15 of 29
degrees of freedom were used in parameter estimation, leaving 14 against
which to judge the goodness of fits.

The theoretical fits for the latency data arc presented as straight lines in
Figure 16. The most deviant point is that for t«(P) when # = 1. This particu-
lar discrepancy is not unexpected in view of previous rescarch (Juola &
Atkinson, 1971); it appears that for a memory set of one item (in the pure

282



TABLE Y
Parameter estimates

Familiarity measures and

Lutency measures decision criteria
(£ + p + r) = 408 msec po =10
r = 3() msec up, = 1.53
xg = 69 msec us = 1.5!
x, = 140 msec to.n = —0.99
Ky = 207 msec .8 = 2.13
as = 35.0 msec co.1. = —0.33
o, = 9.8 msec cu = L56
com = —0.25
i, M = 1.72

Note:r=r,—r,.

short-terni case) a decision can be based on a direct comparison betwcen a
sensory image of the memory item and the sensory input for the test item.
Thus, a different process is operative on these particular trials, leading to
unusualiy fast responsc times. Otherwise, the fits displayed in Figurc 16 are
quite good, given the linear character of the predictions.'” Also, the param-
eter estimates are ordercd in the expected way. The estimate of kg is less than
xr, as would be expected by comparing the « values for the long-term and
short-term recognition experiments given in Tables 4 and 5; xy is the largest
of the group and should be since it involves extracting both an ST and LT
code, There is close agreement between the cstimate of xx in this study (69
msec) and in the short-term study (70 msec); similarly, the estimate of x,
(140 msec) agrees with the corresponding estimate in the Yong-term study (137
mscec). The o values arc also ordered as expected, with a much slower search
rate for the ST sct than for the LT set. Note that the estimate of «s {(35.0
msec} is close to the « value estimated for the short-term study (33.9 msec),
and that ar, (9.8 msec) is virtually identical to the « value cstimated for the

17 The curvilinear component in the data of the lett pancl of Figure 16 [excluding 7{1*)
for m = 1] was unexpected. because a study by Juola and Atkinson (1971), using a similar
procedure but employing only S-type trials, yielded quite straight lines, (For a comparison
of the two procedures, see Wescourt & Atkinson, 1973,) The maded presented in this chapler
can be peneralized to yield curvilinear predictions, One possibility is that the subject adjusts
his decision criteria as a function of the ST-set size: when the large memors set is presented,
he anticipates a slow response and attempts to compensate by adjusting the crileria o
generate more fast responses based on familiarity alone. Another possibility is that, under
certain experimental conditions, the familiarity ol the target items depends on their serial
position in the study list (Burrows & Qkada, 1971). This assumption would lead 1o scrial
position effects and could also account for the curvilinear effects noted here, For a discus-
sion of these possibilities see Atkinson, Herrmann, and Wescourt (1974).
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long-term study (9.9 msee). Differences in response keys and stimulus displays
mazke it doubtful that (f 4- ¢ -k r1) or r should agree across the three studies
reported in this chapter. The parameters that one might hope to be constant
over cxperimients do indeed seem to be, providing some support for the model
beyond the goodness-of-fit demonstration.

SUMMARY AND CONCLUSIONS

In this chapter we have considered a model for recognition memeory. The
model assumes that, when a test stimulus is presented, the subject accesses
the lexical store and retricves a familiarity value for the stimulus. Response
decistons based only on this familiarity value can be made very quickly, but
result in a relatively high error rate. If the familiarity value does not provide
the subject with suflicient information to respond with confidence, a sccond
search of a more extended type is cxecuted. This latter scarch guarantees that
the subject will arrive at a correct decision, but with a consequent increasc in
respansc latency. By adjusting the criteria for emitting responscs based on
familiarity versus those based on an extended memory scirch, the subject can
achieve a stable level of performance, matching the speed and accuracy of
responses to the demand characteristics of the experiment.

The model provides a tentative explanation for the results of several
recognition-memory experiments. The memory search and decision stages
proposed in the present chapter arc indicdtive of possible mecchanisms
involved in recognition. We do not, however, believe that they provide a
complete description of the processes involved ; the comparisons of data with
theorctical predictions are reported mainly to demonstrate that many features
. of our results can be described adequately by the madel.

There are several additional observations, however, that suggest that the
memory and decision components of the model correspond Lo processing
stages of the subject. Introspective reports indicate that subjects might indeed
output a rapid response based on tentative, but quickly retrieved, information
about the test stimulus. Subjects report that they are sometimes able to
respond almost immediately after the word is presented without ‘knowing
for sure’ if the item is a target or not. The same subjects report that on other
trials they recall portions of the memorized list before responding. The fact
that subjects arc always aware of their errars supports the general outline of
the model: even if the initial familiarity of an item produces a decision to
respond immediately, the search of the appropriate memory store continues
and, when completed, permits the subject to confirm whether or not his
response was correct.

Additional support for the model comes from its gencrality to a variety of
experimental paradigms (for examples, sce Atkinson & Jjuola, 1973). As
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reported here, the model can be used to predict response times in recognition
tasks with target scts stored in LTS or STS, or in both. It can also handle
results from other classes of recognition experiments, such as those employing
the Shepard-Teghtsoonian paradigm (c.g., Hintzman, 1969; Okada. 1971).
The differences in results from these various types of tasks can be explained
in terms of the extended memory scarch stage: the likelihood that the subject
delays his response and makes an cxtended search of memory is determined
by the criteria he adopts to minimize errors while stiil insuring fast responscs.
Once the extended scarch is initiated, its exact nature depends on how the
target set is stored in memory (Smith, 1968). If the target sct is a well-ordered
and thoroughly memorized list of words, the extended search will involve
systematic comparisons between the test stimulus and the target items, On
the other hand, the target set may be represented in memiory as a list of
critical attributes (Mever, 1970). In this case, the extended search would
involve checking features of the test stimulus against the attribute list (Neisser,
1967). The dependency of latency on target-set size then would be determined
by the relationship between the number of attributes needed to unambigu-
ously specify a target set and the set’s size. Finally, target items may be
weakly represented in mcmory (e.g., because they received only a single study
presentation); then the extended search might be aimed at retrieving con-
textual information, with scarch time relatively independent of target-set size
(Atkinson, Herrmann, & Wescourt, 1974 Atkinson & Wescourt. 1974).

These speculations about recognition memory and the nature of the
specific task lead to certain testable hypotheses. If the subject adjusts his
criteria to balance errors against response speed, different instructions could
be used to alter the criteria. For example, il the target set is a well-memorized
list of words, and the subject is instructed (o make every cilort to avoid errors,
the appropriate stratcgy would be to always conduct the extended scarch
before responding. Because the time necessary to complete this scarch de-
pends on target-set size, both overall latency and list-length effects should
increase. Alternatively, if responsc speed is emphasized in the instruclions,
the subject should respond primarily on the basis of familiarity. in this case,
responses would be emitted without an extended scarch. and overall latency
would decrease and there should be lew, if any, list-lenglh efTects.

For the theory described in this chapter, the encoding process that pernvits
access to the appropriate node in the lexical store is assumed to occur without
error and at a rate independent of the size and make-up of the target set. For
highly familiar and minimally confusable words, this assumption appears 1o
be reasonable and is supported by our data. However, for many types of
stimuli, increascs in larget-set size will lead to greater confusabifity and
consequently to slower, as well as less accurate, responses (Juola et al., 1971).
When this is the case, the explanation of the sct-size cifect given here will nat
be sullicient, for we have assumed that it is due entirely to the extended mem-

285



ory scarch. Analyses of set-size effects in the framework of this theory would
be inappropriate if the experiment were not designed to minimize confusions
among stimuli. The theory can be extended to encompass confusion cffects
by reformulating the encoding scheme and perhaps the extended search
process. However, the result would be a cumbersome model with so many
interacting processes that it would be of doubtful value as an analytic tool.
Trying to account for stimulus confusability in a theory of recognition
memory is too ambitious a project, given our current state of knowledge.
Greater progress can be made by employing experimental paradigms specifi-
cally designed to study recognition’ memory and other paradigms specifically
designed to study confusions among stimuli.
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