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A theoretical account of the priming effects found in the recognition-failure paradigm is
proposed. The recently established existence of priming effects in this paradigm posed a
problem for the Flexser and Tulving (Psychological Review, 1978, 85, 153—171) model,
which ignored priming. We present a revised version of the model that incorporates priming;
it does so at the level of individual constituent features of the episodic memory trace rather
than at the level of whole words. Among other things, such a view implies that unrecognized
as well as recognized items are subject to priming. When priming is taken into account in this
fashion, the small discrepancy that existed between our original model and the data is further

reduced.

When words presented as members of
pairs are subsequently tested successively
for recognition and for cued recall, in-
stances commonly occur in which non-
recognizable words are successfully re-
called by the same subject. This phenome-
non of recognition failure of recallable
words (or simply recognition failure) has
been the subject of a number of empirical
and theoretical investigations (e.g., Begg,
1979: Jones, 1978; Kintsch, 1978; Rabi-
nowitz, Mandler, & Barsalou, 1977; Vin-
ing & Nelson, 1979; Watkins & Tulving,
1975). One proposed explanation of the ex-
istence of recognition failure traces the
phenomenon to the independent operation
of different retrieval cues in accessing the

-episodic memory trace corresponding to

the presentation of a word pair (Tulving &
Thomson, 1973; Watkins & Tulving, 1975;
Wiseman & Tulving, 1976). In recognition,
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Mational Research Council of Canada Grant ABG32 to
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a copy of the target item acts as a retrieval

cue, while in recall the retrieval cue corre--

sponds to the other member of the original
word pair. In both cases, however, the
same episodic memory trace is assumed to
be accessed.

This account was formalized with some
added assumptions by Flexser and Tulving
(1978) and specified in the form of a math-
ematical model. The model was proposed
to account for an empirical relation pointed
out by Tulving and Wiseman (1975) be-
tween recognition probability, p(Rn), and
the probability of recognition condition-
alized on successful recall, p(Rn|Rc). (The
latter quantity is the complement of the
recognition-failure probability.) Tulving
and Wiseman (1975) presented a scatterplot
showing p(Rn|Rc) plotted against p(Rn) for
several dozen experimental conditions,
representing work published by a number
of investigators. On such a scatterplot, the
positive diagonal represents independence
and the upper edge represents complete de-
pendence. All of the plotted conditions
conformed to the basic recognition-failure
paradigm in which words presented as pairs
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were tested successively for recognition
and cued recall. Beyond this common as-
pect, however, there was wide procedural
diversity with regard to materials, instruc-
tions, and other variables.

- Notwithstanding this diversity, the data
points in Tulving and Wiseman's (1975)
scatterplot proved to be surprisingly con-
centrated in a relatively narrow bowed-
shaped region lying a moderate distance
above the independence diagonal, repre-
senting a moderate degree of dependency
between recognition and recall outcomes.
The equation p(Rn|Rc) = p(Rn) + c[p(Rn)
— p(Rn)*], with ¢ = .5, was found by Tulv-
ing and Wiseman to provide a good empiri-
cal description of the region of maximum
density on the scatterplot.

Flexser and Tulving (1978) proposed a
mathematical model to account gualita-
tively and quantitatively for the pattern of
results pointed out by Tulving and Wise-
man (1975). The encoded versions of the
memory trace and the retrieval cues were
represented as collections of features, with
successful retrieval being assumed to occur
when the number of feature matches be-
tween the retrieval cue and the memory
trace exceeded a criterion level. Crucial to
the model was the assumption of retrieval
independence, which stated that the fea-
tures encoded for the retrieval cues on the
two retrieval occasions were statistically
independent. That is, whether or not a fea-
ture was encoded for the recognition cue
had no effect on the corresponding fea-
ture's probability of being encoded for the
recall cue. This assumption would lead to
independence between recognition and re-
call outcomes were it not for the additional
assumption of variability in goodness of en-
coding. Dependency between outcomes
was assumed to arise because the memory
traces for some study pairs were better en-
coded (i.e., had more encoded features)
than for others. Since the same trace was
assumed to be accessed by both retrieval
cues, variability in goodness of encoding

would result in correlated outcomes on the
recognition and recall tests.

Flexser and Tulving's (1978) model
employed six parameters: N, the dimen-
sionality of the feature space (i.e., the
number of features necessary to specify any
possible memory trace, seen as a fixed
property of the memory system); p, the
probability that any given feature is suc-
cessfully encoded as a part of the episodic
trace; r and s, the encoding probabilities for
features in the recognition and recall cues,
respectively; and the criterion parameters [
and J, representing the number of cue-to-
trace feature matches necessary for a suc-
cessful response to occur in recognition and
recall, respectively.

Based on this framework, Flexser and
Tulving (1978) derived expressions for
p(Rn), p(Re), and p(Rn|Rc) in terms of the
model parameters. The diverse experi-
mental conditions for which data were avail-
able were assumed to be representable by
diverse parameter combinations. Thus, an
arbitrarily selected set of parameters could
be thought of as simulating some (un-
known) set of experimental circumstances
within the recognition-failure paradigm for
which a simulated data point on the
recognition-failure scatterplot could be
generated using the model equations. Since
the recognition-failure scatterplot from real
experiments represented a pattern of out-
comes from diverse experimental cir-
cumstances, a test of the model would be
whether it yielded the same pattern of out-
comes on a simulated recognition-failure
scatterplot consisting of data points gener-
ated by selecting sets of parameter values
randomly, subject to certain reasonable
constraints, : -

Figure 1, taken from Flexser and Tulving
(1978), illustrates the outcome of such a test
of the model, showing the comparison be-
tween real data (top panels) and model-
generated data (bottom panels) for recogni-
tion-failure scatterplots (left) and for scat-
terplots of overall recognition and recall
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Fic. 1. Four scatterplots depicting relations between recognition and recall. The upper two graphs
represent real data from 89 conditions in 33 experiments; the lower two represent model-generated
data from 200 simulated experimental conditions. The graphs on the left depict recognition failure;
those on the right show the relation between overall recall and recognition scores. (From Flexser &

Tulving, 1978.)

levels (right). Visual inspection suffices to
confirm that the model performs very cred-
itably in capturing the essential features of
the recognition-failure scatterplot under
conditions where recognition and recall
levels vary widely and in largely uncorre-
lated fashion.

It should be emphasized that the quan-
titative fit of the model, in terms of placing
the data points the proper distance above
the diagonal, was a consequence of the
model's structure and did not depend on

any fixed parameter input. The points sim-
ply fell in the proper region when all param-
eters were allowed to vary randomly.! In
other words, although the model requires
six parameters to describe a single experi-

' N was kept fixed in generating simulated data
points, reflecting this parameter’s role in correspond-
ing to a fixed property of the memory system. Because
the role of N diminishes strongly as N increases, the
value assigned to this parameter is largely irrelevant so
long as N exceeds 10, The value of 20 was used for the
simulation to be described later.
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mental condition, zero free parameters are
involved in placing the data points, in
aggregate, the right distance above the
diagonal.? ;

Thus, the model provided a solution to
what Flexser and Tulving (1978) referred to
as a three-part puzzle. First, the model pro-
vided an account of the existence of recog-
nition failure of recallable words. Second,
the model vielded the proper qualitative
pattern of data on the recognition-failure
scatterplot, with points being concentrated
about a narrow region above the diagonal.
And third, the model-generated data points
fell a distance above the diagonal that was
in close agreement with actual data, repre-
sented in an updated version of Tulving and
Wiseman's (1975) scatterplot.

RECOGNITION-INDUCED PRIMING

According to Flexser and Tulving's
(1978) model, the correlation between out-
comes on the recognition and recall tests
stems entirely from variability in goodness
of encoding, since independence is as-
sumed to prevail at the retrieval level. In
introducing our model, however, we con-
sidered some other possible sources from
which dependency between test outcomes

* Hintzman (1980) has suggested that the distance
of the simulated data points from the diagonal depends
on a “‘hidden' parameter, namely, the range over
which p was varied in generating scatterplots, which in
this case was .20 to .80. Hintzman's argument is ermo-
neous since, for each data point, the level of recogni-
tion failure depends only on the value of p applying to
that particular data point and is independent of the
range over which p varied for other data points.
Hintzman apparently has confused the parameter p,
which is fixed for a particular experimental condition,
with n, the number of features encoded for an indi-
vidual simulated subject-item within an experimental
condition. The within-experimental variability in »,
which is binomially distributed with variance Np (1 —
), 15 an important determinant of recognition-failure
lewels, but the range over which p is varied in simulat-
ing experiments is not. For example, when the p range
was narrowed from .05—.95 to .45—.55, the average
deviation of the data points from the Tulving and
Wiseman (1975) function changed only slightly, from
—.006 to —.004.

might arise. One such plausible source of
dependency was sequential testing effects:
if items are “*primed,” (strengthened) by
virtue of having appeared on the recogni-
fion test, and if the degree of priming is

_greater for recognized than for unrecog-

nized items, a correlation between out-
comes on the two tests will arise as a con-
sequence.

On the basis of the somewhat meager
data that were available at the time, we
concluded that priming effects were negli-
gible in the recognition-failure paradigm. In
retrospect, this conclusion was premature,
Bowyer and Humphreys (1979) and Hum-
phreys and Bowyer (1980) have presented
evidence from a number of recognition-fail-
ure studies in which priming effects were
found to be nonnegligible. In these studies,
recall data were available both for items
that had been tested previously for recog-
nition and for items that had not. The
amount by which the proportion recalled
for previously tested items exceeds the cor-
responding proportion for untested items
provides an empirical measure of priming.
This difference in recall scores will be de-
noted as A, following the notation of Hum-
phreys and Bowyer (1980). In the experi-
ments tabulated by Humphreys and Bow-
yer (1980, Table 1), A averaged .08, with 9
out of 16 experimental conditions cited
showing a significant priming effect.

These findings make it plausible that se-
quential testing effects account for some of
the dependency between recognition and
recall outcomes that is observed in the
recognition-failure paradigm. They also
create a problem for the Flexser and Tulv-
ing (1978) model: If priming acts as an addi-
tional source of dependency not repre-
sented in the model, the model in neglecting
this factor should have appreciably under-
predicted the amount of dependency pres-
ent in real data, and the model-generated
scatterplot should seemingly have fallen
appreciably closer to the diagonal than did
the real-data scatterplot. Thus, the Flexser
and Tulving (1978) model seems to have a
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TABLE 1

“PRIMED"" AND “UNPRIMED MODEL-GENERATED DATA COMPARED WITH REAL DaTa

No Priming (k = 0) Priming (k = .17) Real Data

Rc Re Re Re Re BE
En 299 2361 535 359 176 535 364 JAT71 | 535
En 73 292 | 465 : 199 266 | 465 2 195 270 465

AT2 528 558 A42 S59 441

p(Rn|Rc) = 633 p(Rn|Re) = .643 p(Rn|Re) = .651

Note. A = 558 — 472 = 086.

serious problem that stems ironically from
the fact that it fits the data too closely.

This argument, in essence, was put for-
ward by Humphreys and Bowyer (1980) as
a criticism of the Flexser and Tulving (1978)
model, In Humphreys and Bowyer's Table
1, 47% of the average data point's distance
above the diagonal [i.e., 47% of the differ-
ence between p(Rn|Rc) and p(Rn)] is ac-
counted for simply by priming. These au-
thors therefore argued that the close
correspondence between the Flexser and
Tulving (1978) model and the data was
*spurious because much of the relationship
between P(Rn) and P(Rn|Rc) is due to
priming effects’” (p. 257).

Humphreys and Bowyer's (1980) esti-
mates of the contribution of priming to the
observed dependency were, however,
based on the assumption that priming in-
volves only those words that are recognized
in the test. As we shall show, this assump-
tion is highly critical. We will examine the
evidence relevant to the assumption next,
and conclude that the assumption is not
tenable: Priming occurs for both recognized
and unrecognized words. We will then
present a revised version of our 1978 model
that incorporates priming effects.

EvIDENCE COMCERNING PRIMING
oF UnrecoGNIZED WORDS

To this date, all writers who have been
concerned with the problem of the role of
priming effects in recognition failure have
assumed that unrecognized items are mot
primed, that is, that their subsequent re-

callability is not affected by their presence
on the recognition test (Begg, 1979; Hum-
phreys & Bowyer, 1980; Wiseman & Tulv-
ing, 1976). Unfortunately, certain logical
difficulties stand in the way of interpreta-

. tion of the sort of empirical data that might

seem to be most directly relevant to the
issue. Consider, for instance, the kind of
experiment from which Humphreys and
Bowyer (1980) obtained evidence for the
existence of priming effects: Only some of

the study-list targets are present on the rec- -

ognition test, whereas the subsequent cued
recall test includes both previously tested
and untested items. In this situation, there
are three categories of target items present
in the cued-recall test: recognized, unrec-
ognized, and previously untested. Logi-
cally, the assumption that unrecognized
items are not primed implies that the prob-
ability of recall of unrecognized items is

_ identical with that of untested items. Virtu-

ally all published data, however, clearly
show that the probability of recall of un-
tested items is higher than the probability of
recall of unrecognized items (e.g., Begg,
1979, Experiment 1; Bowyer & Hum-
phreys, 1979; Postman, 1975).%

This sort of outcome can be interpreted
as reflecting item selection effects, in the

 Several conditions of Experiment 2 of Begg (1979)
form an exception to this general finding. However,
the theoretical significance of this exception is in doubt
due to the possibility, pointed out by Humphreys and
Bowvyer (1980, p. 276), that the finding is an artifact of
the within-subject instructional manipulation
employed by Begg.
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same way in which the higher recall of
recognized items than of untested items
could be thought to reflect the combined
effects of item selection and priming. The
fact that recall of unrecognized items is
lower than recall of untested items does
not rule out the possibility that unrecog-
nized items are primed: The lower recall
of unrecognized than of untested items may
simply mean that the positive priming ef-
fects are outweighed by the negative item
selection effects. But since no methods
have been proposed for separating the two
kinds of effects, the previously available
data are incapable of determining whether
or not unrecognized items are subject to
priming.

Data relevant to the issue, however, have
been found in two recent experiments done
at Toronto with the collaboration of Ruth
Donnelly. In these experiments, which con-
formed to the standard recognition-failure
paradigm, subjects were tested after three
different retention intervals that included
longer periods of time than have been used
in most previous experiments. In the sec-
ond of the two experiments, for instance,
subjects were tested for both recognition
and cued recall immediately, at 7 days,
and at 28 days. The materials used were
phrase—word pairs such as MATES
LIVE IN, EMPLOYEES OUTSIDE—
PRISOM, which have been found to yield
relatively high retention at long delays
(Tulving & Watkins, 1977). The total set of
study list words was divided into three
nonoverlapping subsets, each of which
constituted the target set on a particular re-
trieval occasion. At each retention interval,
only one-half of the target words from the
relevant subset appeared on the recognition
test whereas cues for all the target words in
the relevant subset were presented in the
immediately following cued recall test.
Thus, it was possible to compare cued re-
call (scored stringently) for recognized, un-
recognized, and untested target items after
different retention intervals.

The data from the immediate tests clearly

conform to the pattern that has been re-
ported by others: Recall was highest for the
recognized words, intermediate for un-
tested words, and lowest for unrecognized
words. As the retention interval increased,
however, the relation between the untested
and unrecognized words reversed. After
the longest retention interval in each of the
experiments—I14 days in the first and 28
days in the second experiment—recall of
unrecognized words was clearly higher than
the recall of untested words, Thus, for in-
stance, after the 28-day interval in Experi-
ment 2, probability of recall for recognized
items was .43, for unrecognized items .27,
and for untested items .16.

This kind of outcome—higher recall of
unrecognized than of untested target
words—provides direct support for the as-
sumption that unrecognized items may be
primed. Since item selection effects would
produce a difference in the opposite direc-
tion, the observed difference can rea-
sonably be attributed to the priming of un-
recognized items. Item selection effects in
this case can be expected simply to at-
tenuate the observed priming effects to
some degree.

In addition to the empirical evidence just
presented, there are also theoretical rea-
sons for supposing that unrecognized items
are subject to priming, contrary to the as-
sumption of Wiseman and Tulving (1976)
and others. There is at present a great deal
of evidence, based on signal-detection
analysis and other considerations, that
suggests that recognition is most appropri-
ately viewed as a continuous rather than an
all-or-none process. Although the subject
may be asked to make discrete categoriza-
tion decisions in the recognition test, there
are strong reasons for thinking of the under-
lying informational base for these decisions
as a continuum. Within this viewpoint, it
simply does not make good sense to argue
that priming occurs for test items falling on
one side of the decision criterion in the
underlying distribution of relevant evidence
and not for items falling on the other side.
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Rather, it seems more reasonable to sup-
pose that the degree to which priming oc-
curs should be largely independent of the

subject’s decision biases and overt recogni- -

tion responses, and should instead depend
on processes more closely allied to the op-
eration of the memory system per se. In
terms of the General Abstract Processing
System described by Tulving (in press),

priming can be regarded as a form of recod-

ing of the encoded engram of an event; it is
not dependent upon the process of conver-
sion of ecphoric information into an overt
response.! Among other things, thinking
about priming in this way allows for the ac-
commodation of results from the confi-
dence judgment recognition procedure, in
which there is no sharp distinction between
recognized and unrecognized items.

PrinminG oF TRACE FEATURES

Since priming induced by the recognition
test is an established fact, and since the
original Flexser and Tulving (1978) model
made no provisions for it, the model in its
original form must be regarded as inade-
quate, and a revision that takes priming into
account is necessary. One way of accom-
modating the mechanism of priming is to
assume that priming does occur and that it
does so at the level of individual features
that are useful for recognition, rather than
at the level of the target word itself. In the
model, encoding a feature is equivalent to
assigning it a value. In order to be useful for
retrieval, a feature must have been encoded
with matching values on the study and re-

i Since we know very little at present about the
properties of priming and the processes underlying it,
we should not entirely rule out the possibility that the
actual emitting of a particular response in the recogni-
tion test, whether positive or negative, is somehow
important, perhaps by way of influencing the extent
and nature of additional processing accorded to the
item. For our present purposes, however, we choose
to assume that the extent of priming depends on the
number of matching features between trace and cue,
and that it does not depend crucially on processes as-
sociated with the overt production of the response.

trieval occasions; successful retrieval oc-
curs when the number of such useful fea-
tures equals or exceeds some criterion
number. Thus, in recognition, a hit is as-
sumed to occur when the number of useful
features (i.e., those matching between the
copy cue and the encoded trace) equals or
exceeds a criterion value.

The specific assumption that we now
wish to add to the model with respect to
priming is that a feature of the encoded
trace that is categorized as useful for recog-
nition has an enhanced probability of being
useful for recall. There are a number of
possible mechanisms by which this might
be accomplished, and the specification of
the exact nature of such a mechanism is
unnecessary for purposes of deriving pre-
dictions from the model. One possibility,
offered in a speculative spirit, relies on the
resonance metaphor discussed in our ear-

lier paper (Flexser & Tulving, 1978, p. 170). _

Within this metaphor, when an item is
tested for recognition, matching features
between cue and trace resonate with one
another by virtue of their matched values,
analogous to thé phenomenon of a struck
tuning fork producing resonance in a sec-
ond fork tuned to the same frequency. Rec-
ognition testing of an item might be seen as
leaving behind temporary residual reso-
nance, or activation, in those features of the
trace that were useful for recognition (i.e.,
those features that matched corresponding
features in the encoded copy cue). Ac-
cording to the model, corresponding feature
values must match between the encoded
trace and the retrieval cue to within some
tolerance in order for a feature to be useful.
Suppose that the effect of prior activation
of a feature were to widen that feature’s
tolerance interval for a match, that is, to
**sensitize"’ it. Such a primed feature would
then have an enhanced probability of being
useful for recall.

It should be noted explicitly that the re-
vised model assumes that priming affects all
useful (i.e., matched) recognition features,
regardless of whether the number of such
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features exceeds the recognition crite-
rion—that is, whether or not recognition
actually occurred. Thus, an unsuccessful
recognition attempt is assumed to influ-
ence later recall probability by exactly the
same process by which a successful attempt
does so—that is, by the activation of
matched features in the episodic memory
trace.

With the added assumption that priming
has the effect of giving features that were
useful for recognition an enhanced proba-
bility of being useful for recall, the revised
model conveniently turns out to be identical
to the ‘‘general’’ model discussed by
Flexser and Tulving (1978). This *‘general”
model was introduced to demonstrate the
consequences of relaxing the retrieval in-
dependence assumption embodied in our
principal model, which was also referred to
as the ‘‘special’’ model. In the general
model, the single parameter s, which in the
special model represented the encoding
probability for features in the recall cue,
was replaced by the two parameters 5, and
53, Tepresenting encoding probabilities for
recall cue features that were respectively
useful or not useful in recognition. In apply-
ing this model to priming, we will let 5, rep-
resent the recall encoding probability for
features primed by the recognition retrieval
attempt (regardless of whether or not a
recognition hit actually occurred), and let a
lesser value of s, represent the encoding
probability for unprimed features of the re-
call cue.

To investigate systematically the effects
of introducing varying degrees of depen-
dency, Flexser and Tulving (1978) gener-
ated scatterplots in which s, was con-
strained to be a fraction of 5,, with the latter
quantity varying randomly over parameter
combinations, This relation was specified in
the equation s, = (1 — k)s,, where k& was
fixed for a given scatterplot. When k equals
Zero, 5, = 5, and the general model reduces
to the special one embodying the assump-
tion of retrieval independence. Greater val-
ues of k represent greater effects of a fea-
ture having been previously useful for rec-

ognition on the probability of that feature’s
being useful for recall, and are accom-
panied by a greater degree of dependency

‘between recognition and recall outcomes,

seen on the recognition-failure scatterplot
as a raising of the data points in relation to
the independence diagonal. The best-fitting
value of k was quite small, causing Flexser
and Tulving (1978) to conclude that the spe-
cial model, embodying retrieval indepen-
dence, represented an appropriate descrip-
tion of the recognition-failure paradigm.

Based on subsequent considerations, it
now seems that retrieval independence
applies strictly only in situations where
priming does not occur, with the general
model applicable in other instances. With
these assumptions, the special and general
models can be used in conjunction with one
another to investigate the effects of priming
within individual simulated experimental
conditions. That is, we can compare two
versions of the outcome of a particular
simulated experimental condition that cor-
responds to a set of parameters in the
general model. One version represents a
simulation of a situation in which priming
exists, equivalent to choosing a set of
parameter values in the general model for
which the relation s, > s, applies. The
other version represents a simulation of
a hypothetical situation identical with the
previous one except that priming effects are
nonexistent. In this model, this is equiva-
lent to choosing the identical set of param-
eter values as before with the exception of
5;, which is now set equal to s;. This latter
case is one in which the general model re-
duces to the special one, where retrieval
independence applies.

TesTING OF THE REVISED MoODEL

As noted above, the revised model allows
the generation of two versions of the 2 x 2
table of outcome contingencies pertaining
to a particular simulated experimental con-
dition. By computing the difference be-
tween recall levels in the “*primed’” and

““unprimed’’ cases, we obtain a simulated .

equivalent of A, the observable measure of

-
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Fic. 2. Two scatterplots depicting relations between recognition and recall, generated by the re-
vised model in 200 simulated experiments. The graph on the left depicts recognition failure; that on the
right shows the relation between overall recall and recognition scores.

the degree of priming in an experimental
condition. To test the revised model, it was
necessary to generate a sample of simulated
data points for which the average A ap-
proximated that found in real experiments,
thus equating the average degree of priming
present in the real and simulated cases.

In order to match the experimentally ob-
served degree of priming, we adopted the
technigque used by Flexser and Tulving
(1978) of generating scatterplots corre-
sponding to different values of k. The value
of k that applied to a particular scatterplot
represented an index of the average mag-
nitude of the priming effect; when &k equals
zero, there are no priming effects and re-
trieval independence prevails. For present
purposes, the relevant consideration was
that, by choosing k appropriately, we could
generate scatterplots characterized by any
desired average A value. We therefore de-
termined by trial and error that a value of k
= .17 produced an average A value of .086,
in reasonable agreement with the corre-
sponding value of .080 that applies to the
real experiments cited in Humphreys and
Bowyer’s (1980) Table 1. This allowed the
critical test to be made: Would the model,
with & = .17, still place the data points the

proper distance above the diagonal on the
recognition-failure scatterplot?
The test of the model in its revised

form involved 1000 simulated experi-

mental conditions in which primed (k = .17)
and unprimed (& = 0) versions of the 2 x 2
contingency tables of outcomes were gen-
erated.? Figure 2 shows the revised model’s
primed versions of the recognition-failure
scatterplot and the plot of p(Rc) versus
p(Rn). Both are in striking agreement with
the corresponding plots for real data shown
in the upper panels of Figure 1. (Only the
first 200 of the 1000 simulated experimental
conditions are shown in Figure 2 in order to
make these plots visually more easily com-
parable to the earlier ones.)

3 For purposes of matching certain global properties
of the real and simulated data more closely, our origi-
nal selection procedures for the criterion parameters I
and J were modified somewhat. These modifications
provided a match to within .01 for mean recognition
and recall levels (.54 and .56 respectively), and for the
across-experiment correlation between overall recog-
nition and recall scores (r = .29). As noted by Flexser
and Tulving (1978, p. 169), this correlation should not
be confused with the crucial within-experiment corre-
lation (phi coefficient) that determines a data point’s
location with respect to the independence diagonal.
Details of the modified parameter selection procedures
are available from the first author on request.
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Quantitative comparisons bear out the
visual impression of the similarity of real
and simulated data. For the revised model,
the average deviation from the Tulving and
Wiseman (1975) function (with ¢ = .50) was
—.002 for the primed data, versus +.002 for
the 8% real experimental conditions in
Flexser and Tulving's (1978) data base. The
best-fitting estimate of the ¢ parameter was
.49 for the model-generated points, versus
.51 for real data. By way of comparison,
our 1978 model yielded an average devia-
tion of —.006 and a ¢ estimate of .47. Thus,
far from proving to be an embarrassment for
the model, the previously neglected effects
of priming actually improve the fit between
model-generated and real data.

Table 1 provides an illustration of the ef-
fects of priming as simulated by the model.
This table illustrates the “‘typical” out-
come, obtained by averaging together, cell
by cell, the contingency tables from our
1000 simulated experiments for the first two
panels, and from the 89 real experimental
conditions for the third panel.

Mote first how small is the change in
p(Rn|Rc) produced by priming—that is,
how little the location of the data point cor-
responding to this “‘typical”’ simulated ex-
periment is altered by the presence of an
appreciable amount of priming. This is
contrary to expectations that one would
form based on Humphreys and Bowyer's
{1980) arguments, and is largely a conse-
quence of introducing the assumption that
unrecognized items are subject to priming:
While priming of recognized items raises
the points on the recognition-failure scat-
terplot (i.e., decreases the amount of rec-

ognition failure), priming of unrecognized -

items increases the recognition failure rate,
lowering the data points. As the “‘typical”
outcome in Table 1 shows, these two pro-
cesses largely offset each other, resulting
in little net effect of priming on recogni-
tion failure rates. This insensitivity of
recognition-failure levels to priming implies
that our 1978 model, embodying retrieval
independence, may be suitable for use as an

approximation for some purposes even

though it neglects priming.

It should also be noted in Table 1 that the
average A value of .086, representing the
difference in recall rates between primed

and unprimed items, may be broken down

into two components: recall was improved
.060 from priming of recognized items (.359
— .299), and was improved .026 from
priming of unrecognized items (.199 —
.173). Thus, while this demonstration
sugpests that unrecognized items are sus-
ceptible to priming, it also suggests that the
effect on recall levels is substantially less
for unrecognized than for recognized items.
This asymmetry with respect to recall
levels is, incidentally, not inconsistent with
the fact that priming effects on recognized
and unrecognized items roughly cancel
each other with respect to recognition fail-
ure levels, as Table 1 shows.

Several aspects of the simulated data that
have not yet been mentioned are also .in
good agreement with real data. First, the
correlation between A and deviations from
the Tulving and Wiseman (1975) function
was negligible both for real data (Table 1 in
Humphreys and Bowyer, 1980), where r =
.02, and for model-generated data, where r
= —.04. This finding is consistent with the
insensitivity of recognition-failure levels to
priming. Second, Humphreys and Bowyer
(1980) pointed out that a positive correla-
tion of .86 existed between A and p(Rn) in
the experiments they cited. A positive cor-
relation also exists in the model-generated
data, where, for the 1000 simulated condi-
tions, r = .58. Finally, the ranges of A val-
ues for real data (—.08 to .19) and for simu-
lated data (.02 to .24) are in reasonable
agreement, especially if two cases of non-
significant negative priming effects in the
real data (—.08 and —.01) are regarded as
instances of measurement error. :

When we earlier discussed the fit of the
original Flexser and Tulving (1978) model
to the recognition-failure scatterplot we
noted that the close agreement obtained
was not a consequence of any fixed param-

|
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eter input to the model, since all parameters
{except N, which has negligible effect) were
varied in order to generate the simulated
scatterplot. We thus argued that zero free
parameters ‘were employed in fitting the
model to the global pattern of recognition-
failure outcomes. A similar situation exists
with respect to the revised model. While it
is true that & was held fixed at .17 in
generating simulated data, it must be em-
phasized that this value was selected on
grounds that had nothing at all to do with
fitting recognition-failure levels in our origi-
nal data base. The value of .17 was selected

solely on the basis of the size of priming-

effects found in a small set of recognition-
failure experiments where it was possible to
estimate priming.

ComNcLUusIOoN

It was stated that the original Flexser and
Tulving (1978) model solved a three-part
puzzle in accounting for (a) the existence of
the phenomenon of recognition failure, (b)
the qualitative constancy in the recog-
nition-failure scatterplot, and (c) the quan-
titative location of the data points with
respect to the diagonal. The new model
presented here suggests a solution to a five-
part puzzle, in that the model now also ac-
counts for (d) the existence of recognition-
induced priming effects, and (e) the fact
that experimental conditions showing both
large and small priming effects yield data
points in the same bowed-shaped region of
the recognition-failure graph, with negligible
dependence of recognition-failure levels on
priming levels.

Finally, we wish to note the possible
applicability of the type of priming mecha-
nism we have discussed to other types of
priming situations, specifically those in-
volving semantic, rather than episodic
priming. A number of investigators have
proposed **spreading activation™ models of
semantic priming to account for facilitation
effects observed in various tasks involving
the testing of words bearing a semantic re-
lationship to a previously tested (or other-

wise activated) word (e.g., Collins & Lof-
tus, 1975; Meyer & Schvaneveldt, 1971).
Such models generally employ the principle
that semantically related words or concepts
are closely interconnected within a seman-
tic network, with priming being seen as a
spreading out of activation to neighboring
nodes and links in the network.

By analogy with our model of episodic
priming, we propose that it may be fruitful
as an alternative to consider priming as
operating at the level of semantic features
rather than at the level of whole words or
concepts. To date, set-theoretic, feature-
based models of semantic memory (Rips,
Shoben, & Smith, 1973; Smith, Shoben, &
Rips, 1974) that have been proposed as al-
ternatives to network models have had little
to say about priming. Within the framework
of such models, we suggest that priming
could be viewed as occurring through acti-
vation of features that are shared between

related concepts. While such a viewpoint

can readily be translated into a network
representation (see Hollan, 1975), it may
well develop that the feature representation
of priming can suggest useful alternative
processing assumptions that would be un-
likely to emerge within the network
viewpoint (see Rips, Smith, & Shoben,
1975},
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